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PREFACE. xv 
Our Excellencies are greater, per- 
haps, than thoſe who know us not 
are apt to ſuppoſe; and our defects 
are not ſo much defects in our Inſti- 
tution (though Thave never ſcrupled 
to profeſs an humble Opinion that it 
might be amended) as in our Diſci- 
pline; and the defects in our Diſci- 
pline are not ſo properly our defects, 
as the defects of the Manners of the 
Age. Ifa young man at ſeventeen be 
accuſtomed at home to have horſes 
always at his command; to follow 
country diverſions without reſtraint; 
to mix in long convivial familiarity 
with. perſons. of advanced age; to 
drink as much as he pleaſes at his 
father's table; to hear improper con- 
nexions with the Sex ſpoken of in all 
companies as venial levities, and not 
to hear them ſeriouſly cenſured in any 
VOL. IV. * as 


XVil PREFACE. 
as Offences againſt Chriſtian Mora- 
lity; and if to all this he be ſup- 
plied, through a deſtructive indul- 
gence, with ſums of money exceſſive 
for his age, and far ſuperior to his 
wants, can it be a matter of wonder 
that it is not in the power of an 
Univerſity to rectify the diſorders of 
ſuch a domeſtic Education? I have 
no intention to miſlead the Opinion 
of the world concerning us, nor to 
exculpate ourſelves by criminating 
others If we yield to the corruption 
of the age, we yield as flowly as we 
can; and it is not, perhaps, poſſible 
for us wholly to eſcape the Malignity 
of it's Influence. | 


Cambridge, 
Feb. 9, 1786, 
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A BOVE two thouſand copies of 


the former volumes of my Che- 


mical Eſſays have been ſold, in leſs 
than five years. I mention not this 
circumſtance out of vanity, or as if I 


thought it contained any proof of 


their merit; but J produce it as a 


ſolid Proof of the diſpoſition of the 
Public to become acquainted with 


chemical ſubjects, when they are 


treated in a popular way. This diſ- 
poſition has been long prevalent in 
foreign countries; it ſeems to be 
gaining ground in our own; and if I 

vol. IV, a have 
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have endeavoured to contribute a lit - 
| tletowardsit'seſtabliſhment amongſt 
us, I hope the utility of the deſign _ 
will plead my excuſe with thoſe who, 
in the ſeverity of their judgments, 
may think that I have contributed 
more than, from the nature of my 
Profeſſion and Situation, I ought, to 
have done. 

When I was elected Profeſſor of 
Divinity in 1771, I determined to 
abandon for ever the Study of Che- 
miſtry; and I did abandon it for ſe- 
veral years: but the veferis veſtigia 
flamme {till continued to delight 
me, and at length ſeduced me from 
my purpoſe, When I was made a 
Biſhop in 1782, I again determined 
to quit my favourite purſuit ; the 
volume which I now offer to the 


Public is a 2 fad proof of the imbeci- 
ty 


— 
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lity of my reſolution. I have on this 
day, however, offered a facrifice to 
other people's notions, I confels, ra- 
ther than to my own opinion of 
Epiſcopal Decorum ! have deſtroy- 
ed all my chemical manuſcripts — 
A proſpect of returning health might 
have perſuaded me to purſue this 
delightful ſcience ; but I have now 
certainly done with it for ever; at 
leaſt I have taken the moſt effectual 
ſtep I could to wean myſelf from 
an attchment to it; for, with the 
holy zeal of the idolators of old, who 
had been addicted to curious arts— + 
T have burned my books. I will have 
one word more, however, at parting. 

I have ſpent the beſt part of my 
life in this Univerſity; and have not 
been wholly incurious in obſerving. 
what, I thought, were either excel- 
a 2 lencies 
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lencies or defects in our mode of Edu- 
cation. I mean not on this occaſion 
to enlarge upon either, but ſimply to 
take the liberty of ſuggeſting an 
hint, which has often engaged my 
attention. The hint reſpe&ts—The 
Utilitiaſan Academic Inſtitution for 
inſtructing young Men of Rank and 
fortuneintheelements Magriculture, 
inthe Priciplesof Commerce; and ix 
the Knowledge of our Manufactures. 

This kind of ſtudy would agree- 

ably ſokcit, and might probably ſe- 
cure, the attention of that part of 
our Youth, which, in being exempt- 
ed from the difcipline of Scholaſtic 
Exerciſes, has abundant leiſure for 
other purſuits; which, in being born 

to opulence, is (I will ſay) unhappily 
deprived of one of the ſtrongeſt in- 
centives to intellectual exertion— 
nar- 
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narrowneſs of fortune ;—it would 
prepare them for becoming, at a 

proper age, intelligent Legiſlators of 
their country; and it would inſpire 
them with ſuch a taſte for Huſban- 

dry, as might conſtitute the chief fe- 

licity of their future lives. | 

When the treaty with Treland was 
agitated laſt year in Parliament, the 
utility of a comprehenſive knowledge 
of our commerce and manufactures 
was perfectly underſtood, both by 
thoſe who poſſeſſed it, and by thoſe 
who lamented their want of it. The 
commerce of Wool, Corn, Cotton, 
Hemp, Flax, Silk, Beer, Wine, Spi- 
| its, Salts, Sugar, Tar, Glaſs, Earthen | 

| Ware, Iron, Copper, Lead, Tin, &c. 
&c. are ſubjects of great importance 
to this Country, and it is humbly ap- 
prehended, that they are ſubjects alſo 
5 on 
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on which there are but few perſons 
in either houſe of Parliament, who 
have bad an opportunity of being 
properly inſtructed during the courſe 
of their Education. 

Davenant, Child, Poſtlethwayte, 
Ander/on, and a great many other 
eminent writers on Trade and Com- 
merce, would ſupply ample Ma- 
terials for a Syſtem of Lectures, 
equally uſeful and entertaining. But 
as the attention of young men to 
abſtract ſpeculations is apt to flag, 
unleſs the ſubje& be enlivened by a 
reference to the ſenſes, together with 
the commercial Account, I ſhould 
think there might properly be given 
both the Natural Hiſtory and the 
Chemical Analyſis of the various ob- 
jects which may fall within the com- 


prehenſion of ſuch a plan. 
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My own notion, indeed, of Na- 
tional Improvement, Security, and 
Happineſs, tends not ſo much to the 
extending of our commerce, or the 
increaſing the number of our manu- 
facturers; as to the increaſing of an 
hardy and, comparatively ſpeaking, 
innocent race of Peaſants, by mak- 
ing Corn to grow on Millions of 
Acres of Land, where none has ever 
grown before. Let us but once have 
as many Britons in the Kingdom, as 
the well-cultivated Lands of Great 
Britain are able to ſuſtain, and we 
ſhall have little to regret in the loſs 
of America ; nothing to apprehend: 
from the partitioning policy of all the 
continental Deſpots in Europe. Len- 
ter not into the queſtion concerning 
the population of the country ; whe- 
ther the inhabitants of the Kingdom 
; a4 - ne 
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are more or fewer now than they were 
a century ago, cannot be conjectured 
with any great probability from the 
ſurveys of particular diſtricts; but the 
real number may be known with 
little difficulty, whenever the Legiſ- 
lature ſhall be deſirous of obtaining 
information on the ſuhject: for the 
Kingdom being divided into Coun- 
ties, and the Counties into Pariſhes, - 
&c. an actual enumeration of the 
Inhabitants might be made every ten 
years, by the Miniſters and Church- 
wardens of the ſeveral Pariſhes, with. 
as much certainty as the nature of 
the ſubje&, conſidered in a political 
light, would require. But whatever 
may be the preſent number of the 
Inhabitants of Great Britain, there is 
no one who has thought upon the 
ſubject, but muſt admit, that were 
„ ne 
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our Lands brought to their proper 
State of Cultivation, they would af- 
ford maintenance to twice as many 
as at preſent exit in the Country. 
In thus fixing the Baſis of National: 
Strength, in the improved Cultiva- 
tion of our Lands, I am far from 

inſinuating, that Manufactures and 
Agriculture cannot ſubfiſt in an emi- 


nent degree of perfection together: 


on the contrary, J confider them as 
mutually ſubſervient to each other, 
and am quite aware, that, in the pre- 
ſent ſtate of the Finance of this King- 
dom, our Commerce ought to be 
cheriſhed with ſingular indulgence. 
Nor ſhall we ſufficiently avail our- 
ſelves of the ineſtimable Advantage 
of an inſular Situation, if we do not 
conſider our Glory and our Safety as 


cloſely connected with the Number 
4 f 
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of our Seamen; and every child in 
Politics muſt know, that the number 
of our Seamen will ever be propor- 
tioned to the extent of our foreign 
and domeſtic Commerce. | 
Of all the Amuſements or Em- 
ployments in which Country Gentle- 
menareengaged, that of ſuperintend- 
ing with intelligence the cultivation 
of a farm is one of the moſt uſeful 
to the Community, as well as to the 
individual who applies himſelf to it. 
Great Improvements have been made - 
in Agriculture within the laſt fifty 
years : there 1s a chaos of printed 
Information on the ſubje&, which 
wants to be digeſted into form, in 
order to be made generally uſeful. 
The ſeveral Agricultural Societies, 
which have been eſtabliſhed by Gen- 
tlemen in different parts of the King- 
| GO 
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dom, have done great Service; we 
owe to their endeavours, and to the. 
patriotic Exertions of one deſerving 
Citizen,“ the preſent flouriſhing 
condition of our Huſbandry: but far 
more Gentlemen would, probably, 
have been induced to turn their 
thoughts that way, and all of them 
with better proſpects of ſucceeding 
in their inquiries, had they, in their 
youth, been carefully inſtructed in 
the Principles of Veg getation, 1n the 
Chemical Qualities of Sotls, and i in 
theNatures and Uſes of different Ma- 
nures.— But I mean only to give a 
hint concerning an Inſtitution, which 
I have no manner of expectation of 
ſeeing eſtabliſhed, though I am fully 
perſuaded it would be both a public 
benefit, and highly uſeful to that 
* Arthur Young, Eſq. | 
_ Claſs 
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Claſs of Perſons of whoſe Education 
I have been ſpeaking. 

Young Men of Fortune feel not 
the want of perſonal Merit during 
the ſhort time which they ſpend at 
the Univerſities : they ſee Conſe- 
quence and Reſpect, it is true, an- 
nexed in thoſe Seminaries to Learn- 
ing and Talents, but in the world 
they ſee little reſpected but Wealth: 
and poſſeſſing that, or expecting to 
poſſeſs it from their Anceſtors, they 
are eaſily allured by the Indolence 
which is natural to the Human Spe- 
cies, and by the Improvidence which 
is incident to their time of life, to 
ſhrink from the taſk of acquiring 
accompliſhments really honourable, 
really uſefal, and really their own. 
When they are called to the Legiſla- 
tion of their Country, or when they 

; be- 


C 
become Maſters of families, or are in 
any way ſettled, as it is called, in the 
world, then they begin to be ſenſible 
of the deficiencies of their perſonal 
Acquirements; they ceaſe not to la- 
ment through life their own want of 
foreſight in neglecting the opportu- 
nities of Improvement which were 
offered to them in the Univerſities, 
or the Supineneſs of thoſe who had 
the care of their Education, in not 
having ſtimulated them to the pur- 
ſuit of uſeful ſtudies. This is only 
the general account, for there are 
ſome to whom it is not applicable ; ; 
and though it may not be in our 
power to counteract the indolent 
propenſities of Nature, or to ſtem 
the torrent of faſhionable levities, to 
towhichyoung Men, bya tooearly in- 
troduction into the world, are fatally 


CO 
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expoſed ; yet it is our Duty to en- 
deavour to augment the number of 
thoſe, who at ſo green an Age, have 
learned to make a proper eſtimate of 
their future intellectual wants; and I 
know no method better adapted to 
effectuate this defirable End, than to 
propoſe to them entertaining Objects 
of Study, of which they may clearly 
perceive the immediate utility, in the 
application of the knowledge they 
attain, to the important purpoſes of 
Legiſlative Policy and Rural Oeco- 
nomics. | 

1 ſhall be told, that thats 3 is not 
time for this; that even Claſſics, 
Ethics, Mathematics, and God for- 
bid I ſhould omit what is of infinitely 
more value than all the reſt, the In- 
ſtitutes of Chriſtianity, can be but 


ſuperficially attended to during the 
few 
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few months which theſe young Men 
reſide in the Univerſities, I will 
not attempt to obviate this Object ion 
by making an invidious compariſon 
between the Utility of Claſſics, Ethics, 
or Mathematics, and the branches of 
Study here hinted at; I admit the 
force of it in it's full extent. But I 
beg leave to aſk; whoſe fault is it 
that young Men of Fortune ſtay not 
more years with us, and reſide not 
amongſt us more months in every 
year ? Why muſt they, as ſoon as 
they have huddled through fix or 
eight Terms, be hurried abroad, as if it 
were from an Apprehenſion, that they 
have learned as much as an Engliſh 
Univerſity can teach them? F oreign 
Travel is of great Uſe, when it is un- 
dertaken by men who have learned 
to bring their paſſions under the con- 

trol 


xvi PREFACE. 
trol of Reaſon and Religion; who 
have had ſome Experience in Liſe, 
acquired ſome:Knowledge of the Ma- 
nufactures, Policy, Revenues, and 
Reſources of their own country; the 
-acquaintance of ſuch Men will be 
ſought after by perſons of Character 
and Learning in every country they 
paſs through:; they will be in a con- 
dition to receive, becauſe they will 
poſſeſs the Ability of communicating 
Knowledge. But the preſent mode 
of ſending our young Men into France 
and Italy tends only tofill Great Bri- 
rain with dabblers in Virtù, pretend- 
ers in Taſte, ſcioliſts in Liteature, 
and infidels in- Religion. 8 i 
But I perceive myſelf inſenfibly 
falling into what I mean to avoid 
4 diſcuſſion of the excellen cies and 
defects of our Syſtem of Education. — 
a TO .Our 


Of Lapis Calaminaris Blende f 
Zinc Braſs. 


HE two principal ores of zinc 
are calamine and blende. The 
Arabic word climia, Or, as it is pro- 
nounced by ſome, calimia, denotes 
the ſame ſubſtance whichwe call lapis 
calaminaris, calamine, or calumy; 
and hence Salmafius is of opinion, 
that they judge very prepoſterouſly 
who would derive” calamine from 
calaem, an Indian word. ſignifying, 
according to him, a ſpecies of me- 
vob. iv... a tal 


(4. 
tal reſembling tin, which is dug 
near Malacca.* With due defe- 
rence to his authority, I would ob- 
ſerve, that Indian calaem is not 


like tin. Mapy years ago the Dutch 


took a Portugueſe veſſel which was 
laden with calaem4- ; and from all 
the experiments which were made 


| upon that ſubſtance, it appeared to 
be zinc, or that metallic ſubſtance 
which we in Europe have very Ml 


* Cadmia Arabibus dicitur climia, quod 
quidam pronunciarunt calimia, unde Græ- 
cis recentioribus xze&uc interdum ſcribitur, 
unde noſtris Gallis calamina et lapis cala- 


minaris: quam vocem quidam præpoſterè 


deducunt ab Indico calaem, quod metalli 
genus eſt ſtanno ſimile, haud longè ex Ma- 


lacca erui ſolitum. Salm. de Homony. Hy. 
lat. C. CXXII. | 


# Savotus de Num. Ant. P. II. C. XIV. 
a lately 


(8 1] 

lately learned the method of extract- 
ing from calamine. Both calamino 
and zinc have the property of chang- 
ing copper to a yellow colour; and 
this is the moſt diſtinguiſhing pro- 
perty of them both; it is that for 
which they are both ſought after in 
commerce: and as climia and calaem | 

have the ſame radical letters, and de- 
note in the Arabic and Indian lan- 
guages two ſubſtances which agree 
in one of their moſt characteriſtic 
properties, I leave it to others to de- 
termine whether theyare not the ſame 
word, and in which of the two lan- 
guages that word was originally form- 
| ed. —The other ore of zinc is called 
by the Germans blende, from it's 
blinding or miſleading appearance 
it looking like an ore of lead, but 
yielding (as was tormeriy thought) 


4 


AS no 


( 4 ) 

no metallic ſubſtance of any kindæ, 1 
A particular ſort of lead ore has 
been called by Pliny, galena, from 
a Greek word ſignifying to ſhine, 
becauſe 1t 1s compoſed of ſhining 
particles; our potters ore and the 
Derbyſhire lead ore is of this ſort : 
blende much reſembles galena ; 
but, yielding no lead, it has been 
called falſe or p/eudo-gajena, or 
mock-lead ; our Enghſh miners 
| have called it black jack, and that is 


* Pſeudo-galena nomen ſuum exinde ac- 
quiſivit, quod faciem quaſi mineræ plum- 
- bez præ ſe ferat, ſed mentiatur, cum id re- 
vera non contineat quod externo aſpectu 
pollicetur. Germanis appellatur Sende, a 
lenden; quia, cum falſd ſpeciem mineræ 
ſaturninæ præ ſe fert, exinde oculos faſci- 
| | net, vel iis imponat. Pott de Pſeudo-ga- 
lena, p. 106.—They have in Staffordſhire 
| 8 a ſort of iron, which they call b/ende-metal, 
of which they make nails, hammers, &c. 
Plot's Stark. 
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the name by which it is known to 
the makers of braſs. Black jack re- 


ſembles lead ore ſo much, that the 
miners ſometimes ſucceed in ſelling, 


to inexperienced ſmelters, black jack 
inſtead of lead ore: I have heard of 
the fraud being carried to ſo great 
anextent in Derbyſhire, that froma 
ton of ore there was not obtained 
above a few ounces of lead ; though 
a ton of unadulterated lead ore yields 
in Derbyſhire, at an average, 14 or 
1 5 hundred weight of lead. 
Calamine is found in moſt parts of 


Europe; we have great plenty of it 
in -Somer/et/hire, Flintſhire, Derby- 
ſhire, and in many other parts of 


England. It is ſcarcely to be diſ- 


tinguiſhed by it's appearance from 


ſome ſorts of lime - ſtone; for it has 


none of the. metallic luſtre uſually 


43 apper- 
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appertaining to ores: It differs, 
however, by it's weight from every 


ſort of ſtone; it being, bulk for 


bulk, near twice as heavy as either 
flint or limeſtone. Before the reign. 
of Elizabeth, this mineral was held 
in very little eſtimation in Great Bri- 


tain; and even at ſo late a period as 


towards the end of the laſt century, 
it was commonly carried out of the 
kingdom as ballaſt by the ſhips 


which traded to foreign parts, eſpe- 


cially to Holland.* It's uſe is now 
as perfectly underſtood in England, 
as in any part of the world; and as 
we have greater plenty of calamine, 
and that of a better ſort, than moſt 
other nations have, there 1s no fear of 


our loſing the advantages in this ar- 


*Effayon Metal: Words by Sir J. Pettus, 


Land Phil. JAI for 1694. 


ticle 


4 
ticle of trade which we are now poſ- 
ſeſſed of. | 
Great quantities of calamine have 
of late years been dug in Derbyſhire, 
on a ſpot called Bonſule Moor, in the 
neighbourhood of Matlock. A bed 
of iron ſtone, about four feet in 
thickneſs, lies over the calamine; 
and the calamine is much mixed not 
only with this iron ſtone, but with 
cawk, lead ore, and limeſtone. The 
calamine miners never wiſh to meet 
with lead ore; they ſay that it eats 
up the calamine : and thelead miners 
in return never wiſh to meet with 
calamine in a rich vein of lead ore, 
| fince they are perſuaded that it in- 
jures the quality of the ore. It would 
be too much to infer, from theſe ob- 
ſervations of the miners, that one of 
theſe ſubſtances ariſes from the na- 
3 tural 


„ 

tural decompoſition of the other. 
Juxtapoſition of ſubſtances in the 
bowels of the earth, is no certain 
proof of their being derived from 
each other: for no one will contend 
that chert is derived from the lime- 
ſtone in which it is bedded, or flint 
and pyrites from the chalk in which 
they are found; yet when a great 
variety of ſubſtances are found mixed 
together in the ſame little lump, the 
mind cannot help conjecturing that 
a more improved ſtate of mineralogy 
will ſhew ſome connection in their 
origin. I have often ſeen culumine, 
and black zack, and tead ore and 
_ equk,blackzack,and lead ore, bedded 
together in the ſame piece of ſpar. 

The calamine annually raiſed in 
Derbyſhire, amounts to about fif- 
teen hundred tons, Sixty years ago 
- of — "M 


1 

(as I was informed by an intelli- 
gent dealer in calamine, wlioſe fa- 
ther was one of the firſt who dug it 
in that country), they did not raiſe 
forty tons in a year: The Derby/hire 
calamine does not bear fo good a 
price as that which is gotten about 
Mendipin Somer/etfhire; the former 
being ſold for about forty ſhillings, 
and the latter for fixty-five or ſe- 
venty ſnillings a ton, before dreſing: 

when thoroughly dreſſed, the Derby- 
ſhire calamine may be bought for 


about ſix guineas, and the other for 


eight pounds, a ton. This dreſſing 
of the calamine conſiſts, principally, 
in picking out all the pieces of lead 
ore, limeſtone, iron ſtone, cawk, . 
and other heterogeneous ſubſtances 

which are mixed with it, when it 

is firſt dug from the mine; this 
_- picked 


( 

picked calamine is then calcined in 
proper furnaces, and by calcination 
it loſes between a third and a fourth 
part of it's weight. 

The ſubſtance which is loſt during 
the calcination of the calamineis not 
either ſulphur or arſenic, or any thing 
which can be collected by the ſides 
of an horizontal chimney, as is the 
caſe in ſome ſorts of copper and lead 
ores; hence it would be quite unſer- 
viceable to roaſt calamine in a fur- 
nace with ſuch a chimney. The 
truth of this remark will appear 
from the following experiment. 

I took 120 grains of the beſt Der- 
by/hire calamine, and diſſolved them 
in a diluted vitriolic acid: the ſolu- 
tion was made in a Florence flaſk, and 
the weight of the acid and flaſk was 
taken before the ſolution commenced. 
About 


n 


About twenty hours after the ſolu- 


tion had been finiſhed, I weighed thge 


flaſk and it's contents, and found that 
there had been a loſs of 40 grains, or 
one third the weight of thecalamine; 
about a grain of earth remained at 
the bottom undiſſol ved. If the ſame 
quantity of the pureſt limeſtone had 
been diſſolved in the ſame way, there 
would have been a loſs of weight 
equal to 54 grains : the ſubſtance 
which is ſeparated from calamine by 
calcination, or by ſolutionin an acid, 
1s of the ſame nature with that which 
is ſeparable from limeſtonebythe ſame 
proceſſes—#red air. This air having 
the property of changing the blue co- 
lour of vegetables to a red, as well as 
many other properties of an acid, and 
being contained in great abundance 
in the atmoſphere, has been called by 
nt. 
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ſome — aerial acid; and by others, 


from it's conſtituting nine parts in 
twenty of chalk and other calcareous 


_ earths—chalky acid ; and, from it's 


beingdeftruQtiveof flame and animal 


life, ſome have denominated it— 
mephitic air. The weight which was 


thus loſt by diſſolvingthe Derbyſhire 
calamine in an acid, correſponds ſuf- 


ficiently with that which the work-. 


men obſerve to be loſt during the 
calcination of that mineral; ſo that 


theſe proceſſes, as was obſerved in a 


former Eſſay concerning ſimilar ones 


when applied to calcareous earths, 


mutually confirm gach other. 
Bergman obſerves that 100 grains 
of Flinſſhire calamine loſt by calcj- 


nation 34 grains“: now this quantity | 


correſponds, as much as can be ex- 


„ ann 
| | pected 


1 


Ee. 
pected in things of this ſort, with 
the loſs which 1 obſerved during the 
ſolution of 120 grains of the Derby- 
/hire calamine; for if I had diſſolved 
only 100 grains, the loſs would have 
been 33:. The fame author, how- 
ever, remarks that 100 grains of 
Flintſhire calamine, when diſſolved 
in an acid, gave only 28 grains of 
air: and he thinks that 6 grains of 
water are contained in every 100 
grains of that ſort of calamine; for 
he takes the difference which he 
obſerved between the weight of air 
obtained by ſolution, and the loſs of 
weight ſuſtained during the calcina- 
tion of 100 grains of calamine, to be 
| owing to the water which 1s dif- 
perſed during the proceſs of calcina- 
tion. Fontana obtained 190 grains 
"" 


IM Bergman bas uſed the ſame method of | 
I | | analyſ- 


EF. 7 
of fixed air from 576 grains of So- 
merſetſhire calamine: according to 
the ſame proportion, had he uſed only 


analyſing other ſubſtances containing fixed 
air,particularly calcareousearths. He found 
that 100 grains of tranſparent calcareous 
ſpar gave, by ſolution in an acid, 34 grains 
of fixed air, and loſt by calcination 45 
grains; the difference, 11 grains, he ſays 
is water; which, though expelled by the 
fire, remains mixed with the acid: and 
hence 100 grains of ſuch ſpar contain 55 
grains of lime, 34 grains of fixed air, and 

* 11 grains of water. I have a little diffi- 
culty in admitting this mode of inferring. 
the quantity of water contained in theſe 
bodies: I do not abſolutely deny the juſtice 
of it, but I heſitate concerning it; be- 
caufe, from experiments which I made with 
all the care I could, and which are men- 

_ tioned in the Eſſay on calcareous earths, I 
Found that fine tranſparent ſpar, very white 
marble, &c. loſt, as nearly as could be eſti- 
mated, the fame weight, whether they 
were diſſolved in an acid, or calcined in a 
ſtrong fixe. 


100 


= 
100 grains, he would have had 33 
grains of fixed air, inſtead of the 28 
which Bergman got from the Flint- 
ſhire calamine; I ſay inſtead of the 
28, for I am inclined to think that 
the Derbyſhire, Flintſhire, and So- 
merſetſhire calamines do not differ 
much from each other in the quantity 
of air which they contain: but that 
the apparent difference in the analy- 
ſes of them here mentioned, proceeds 
rather from the mode of operating 
than from the ſubſtances themſelves. 
But, though future experience ſnould 
prove that very pure pieces of the 
calamings we are ſpeaking of do ex- 
actly agree as to the quantity of air 
contained in them, it will not fol- 
low that the calamines, as prepared 
for ſale by the miners or burners, 
will be ſimilar to each other in all 
ST: their 


| ( 26} 
their properties; 3 fince they may be 
mixed with different quantities and 
Vith different ſorts of heterogeneous 
1 ſubſtances, from which it may be im- 
poſſible wholly to free them. 
The reader muſt not conclude, 
from what has been ſaid, that all ſorts 
of calamine loſe one third of their 
weight by calcination, or afford fixed 
air by ſolution in acids. Bergman 
analyſed ſome calamine from Hun- 
gary, and he found 100 grains of it 
to conſiſt of 84 grains of the earth of 
zinc, 3 of the earth of iron, 1 of 
clay, and 12 of ſilicious earth: no 
mention is made of water in this 
analyſis *. | | 
In the great works whos calamine 
is prepared for the braſs makers, af- 
ter it has been properly calcined, by 
Berg. Chem. Eſp Vol. II. p. 325. 
| 3 which | 
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„ 1 
which proceſs, as has been obſerved, 
it loſes between a third and a fourth 
part of it's weight, it is again care- 
fully picked, the heterogeneousparts - 
having been rendered more diſcerni- 
ble by the action of the fire; it is 
then ground to a fine powder; after- 
wards it is waſhed in a gentle rill of 
water, in order to free it, as much as 
poſſible, from the earthy particles 

with which it may be mixed; for 
theſe, being twice as light as the par- 
ticles 'of the calamine, are carried 
off from it by the water; it is then 

made up for ſale. A ton of the 
crude Derbyſnire calamine, as dug 
from the mine, is reduced, by the 


various proceſſes it undergoes before 


it becomes ſaleable, to about twelve 
hundred weight : and hence it has 
loſt 8 parts in 20. Of the 8 hun- 

vol xv. 28 dred 
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( 
dred weight thus loſt in a ton, 6ã may 
be eſteemed fixed air: the remaining 
part, amounting to 1 4, confiſts of 


ſome impurities which have been 


picked out or waſhed away, and of 
ſome portion of the metallic part of 
the calamine, which is mflamed and 
driven off during the calcination : 
for I cannot agree with Wallerius*, 
in ſuppoſing that the ores of zinc loſe 
no part of their ſubſtance during the 
ardinary proceſs of calcination ; the 
blue flame which is viſible in the fur- 
nace where the calamine is calcined, 
and the injury which the calamine 
ſuſtains from being calcined with too 
ſtrong a fire, are proofs to the con- 
trary. It would be poſſible to uſe 
calamine for the purpoſe of making 
braſs without calcining it; for the 


Metallur. 
fixed 


VF Wy 
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fined air would be diffipated by the 
heat applied in making the braſs. 
But as, in ufing a ton of uncalcined 
calamine, there would be between 
ſix and ſeven hundred weight put 
into the braſs pots which woyld be 
of nomannerof uſe in the operation, 
it is a wiſer method to get rid of fo 
large a quantity of unſerviceable mat- 
ter; eſpecially as the carriage of fix 
or ſeven hundred weight to the diſ- 
tance to which the prepared cala- 
mine is ſent for the making of braſs, 
would coſt more than the calcina- 
tion of a ton of it amounts to. 

There are many ſorts of blende or 


blackjack, which differ from each 


other not only in their external ap- 
pearance, but in their internal conſti- 


tut ion. In general they contain zinc 
and ſulphur, united together by the 


32 inter- 


{( wy 
intervention of iron, or of calcareous 
earth ; and they muſt be previouſly 
freed from their ſulphur by calcina- 
tion, before they can be applied to 
the making of braſs. Some ſorts of 
black jack loſe one fourth, others 
about one-fixth of their weight by 
calcination : what 1s thus diſperſed 
conſiſts principally of ſulphur, with 
a little water ; what remains conſiſts 
of a large portion of zinc earth, mix- 
ed with one or more of the following 
ſubſtances, viz. iron, lead, copper, 
clay, and flint. Black jack is found 
in North Wales, in Cornwall, and in 
Derby/hire ; and probably it may be 
met with in many other parts of 
Great Britain. - It has for many years 
been uſed, as well as calamine, for 
the making of braſs at Briſtol ; and 
J believe it was firſt uſed there un- 
1 


„ 
der a patent: but ſo little was this 
application of it known in other parts 
of the kingdom, that in the year 1777 
they begged mein Derbyſhire (where 
they had a little before that time be- 
gun to ſave it) not todivulge the pur- 
poſe to which it might be applied. 
It has not been long well under- 
ſtood, that either calamine or black 
jack containedany metallic ſubſtance. 
Matthiolus, Agricola, Canepurius, 
and other expert and more ancient 
metallurgiſts, eſteemed calamine to 
be a mineral in which there was no 
metallic ſubſtance.“ Their miſtake 
on this ſubje& was very excuſable; 
for the metallic ſubſtance contained 
in calamine being of a volatile and: 
combuſtible nature, it is conſumed or 


diſſipated by the ordinary proceſſes in 


* Canep, de Atram. p. 12—21. 


5 which 


a 

which metals are extracted from their 
ores. Moſt ores require to be fluxed 
in contact with charcoal, or ſome 
other ſubſtance containing phlogiſ- 
ton, before they will yield their me- 
tals; and when they are thus fluxed, 
the metal, inſtead of being diſperſed 
in vapour, is collected into a maſs at 
the bottom of the veſſel, or furnace, 
in which the operation is performed. 
Calamine, in like manner, muſt be 
united to phlogiſton, be fore it's me- 
tallic part, which is called zinc, will 
be properly formed; but as ſoon as it 
is formed, 1t flies off in vapour, and 
taking fire burns with a vivid flame. 
This phenomenon is eaſily made ap- 
parent by mixing calamine in pow- 
der and charcoal duſt together, and 

expoſing the mixture to a melting 
heat; for a flame will iſſue from it 


very 


a3 
very different from what charcoal 
alone would yield : no maſs of any 
metallic ſubſtance will be found at 
the bottom of the veſſel; but in the 
place where the experiment 1s made, 
there will be ſeen many white flocks 
floating 1n the air: theſe flocks are 
the aſhes of the metallic ſubſtance of 
the calamine; they are called flowers 
of zinc, luna philoſophorum, nihil al- 
bum, and by other fanciful names. 
The metallic vapour which riſes 
froma mixtureof calamineand char- 
coal, when expoſed to a proper de- 
gree of heat, and the firing of which 
Cauſes the flame which may be ob- 
ſerved, cannot burn without air; and 
it was on this principle that Marg- 
graaf proceeded, when he extracted 
zinc from calamine by diſtillation in 
82 veſſels in 1740. He put 8 
B 4 parts 
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Chapelle, which had been given him 


(C a 3 


parts of powdered calamine, and 1 of 


powdered charcoal, well mixed toge- 
ther, into anearthen retort; and hav- 
ing fitted a receiver, with a little wa- 
ter in it, to the neck of the retort, 


in ſuch a manner as to exclude the 


air, heexpoſed the mixturetoa ſtrong 
heat; there roſe into the neck of the 


retort, where it was condenſed, the 


metallic vapour of the calamine. By 
this method he aſcertained the quan- 
tity of zinc contained in different 


ſorts of calamine. 5 
Parts. Parts. 


Calamine ek near 
- Cracow, - 


— from England 16 —— 3 ——— 

from Breſſaw 16 —— 44 —— 

— from Hungary 16 - — 

—— from Holy- 
well i in Flintſhire 


16 gave 24 of zinc. 


Mn 


He tried ſome ſtones from dir-la 


for 


( 3 

for calamine, in the ſame way, but 
obtained no zinc from them ; and 
thence he concludes that they were 
not calamine' ſtones : for every ſtone, 
ſays he, which being mixed with 
charcoal, and expoſed in cloſe veſſels 
to the action of a violent fire, does 
not yield zinc, or which in an open 
fire does not with copper and char- 

coal produce braſs, ought not to 

be confidered as a calamine ſtone®; 
Henckel had long before given a ſi- 
milar definition of zinc, when he' ob- 


' ſerved that it was the only ſubſtance = 


in nature which had the quality of 
giving copper a yellow colour f. 
Polt wrote a diſſertation on zinc 
in 1741, in which he enters into the 
hiſtory of the diſcovery of this ſemi- 
Opuſ. de Marg. Vol. I. p. 94. 
+ Pyrito. French Tranſ. p. 248. 
| metal, 


4-8] 
metal. Bergman has availed himſelf 
of all that Pott knew on the ſubject, 
and has added feveral things of his 
own : I cannot compreſs the matter 
intoa leſs compaſs than he has done. 
“The ſemi- metal which at preſent 
is called zinc, was not known ſo 
much as by name to the ancient 
Greeks and Arabians. The name 
which it bears at preſent firſt occurs 
in Theophtaſtus Paracelſus*, but no 
one as yet has been able to diſcoyer 
the origin of this appellation. A. G. 
Agricola calls it contreteyhÞ; Boyle, 
ſpeltrum t: by others it is denomi- 
nated ſpiauter, and Indian ting. 
Albertus Magnus, more properly 
C In Operibus paſſim. | | 

+ De Re Metallica. 

t Ponderib. Flammæ. 

5 Tæda Trifida Chymica. 

called 


CHE. 

called Bolſtadt, who died in 1280, 
is the firſt who makes expreſs men- 
tion of this ſemi- metal. He calls it 
golden marcaſite, aſſerts that it ap- 
proaches to a metallic nature, and 
relates that it is mflammable. How- 
ever, as Zinc is white, the name of 
golden marcaſite is not very proper; 
it would therefore appear probable 
that it - derives that name from the 
golden colour which it communicates 
to copper, had not Albertus expreſs- 
ly ſaid, that copper united with gol- 
den marcaſite becomes white; but 
he has probably either miſunderſtood | 
or miſrepreſented what he had heard 
related by others. It may alſo hap- 

pen that zinc was formerly thought 
to contain gold. J. Matthefius+, i in 
] 562, mentioned a white and a red 


* 1 n Libro Mineraliom, + Sarepta. 
LE) | 4 Zinc; 7 
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zinc; but the yellowneſs and redneſs 
are only to be underſtood of the ores. 
Hollandus, Baſil Valentine, Aldro- 
vandus, Cæſius, Cæſalpinus, Fallo- 
pius, and Schroęder, obſerve a pro- 
found filence on that head“. The 
eaſtern Indians have long ſince been 
in poſſeſſion of the method of extract- 
ing pure zinc from the ore; at leaſt 
in the courſe of the laſt century this 
metal was brought from thence to 
Europe. Jungius mentions the im- 
portation of Zinc from India, in 
1647+: a metal of this kind, under 
the name of tutenag, is ſtill brought 
from thence, which muſt be carefully 
diſtinguiſhed from the compound 
metal of that name. G. E. Van 
Lohneiſs tells us, in 1617, that, a 


pott on Zinc. 
+ De Mineralibus, 
long 


= > 
long time before, zinc had been col- 
lected by fuſion at Goflar*. It has 
been long uſual to form orichalcum 
from the ores of Zinc, by the addition 
of copper; but it does not yet ap- 
pear at what time this art was in- 
vented. Pliny makes mention of the 
orichalcum, as alſo of three ſpecies 
of Corinthian vaſes, one of which is 
yellow, and of the nature of gold. 
Eraſmus Ebner, of Noremberg, in 
the year 1550, was the firſt who uſed 
the cadmia of Goſlar for this pur- 
poſe. In the year 1721, Henckel 
indeed mentioned that zinc might be 
obtained from lapis calaminaris by 
means of phlogiſton, Ent he conceals 
the methodJ. The celebrated An- 


Bericht Von. 8 WE 

+ Hiſt. Nat. XXX. C. II. 

t nenn I words deſerve 
to 


1 
ton. Van Swab, in 1742, extracted 
it from the ores by diſtillation, at 
Weſterwick in Dalecarlia“. It was 
determined to found a work for the 
purpoſe of extracting larger quanti- 
ties of this ſemi-metal; but after- 
wards, for various reaſons, this pro- 


be quoted; I take them from the French 
tranſlation of the Pyritologia, p. 295.—On 
fait, par example, avec la calamine, non- ſeu- 
lement du fer, il eſt vrai en petite quantitẽ 
mais encore une tres-grande quantite de xinc, 
que l'on obtient non- ſeulement en lui prẽ- 
ſentant le corps avec lequel il peut s'incor- 
porer, c'eſt- a· dire lecuivre qui eſt ſon aĩiman, 
mais encore ce demi-metal ſe montre ſimple- 
ment par l' addition d'une metizre grafſe qui 
metalliſẽ; il faut ſeulement, pour eviter que 
ce phẽnix ne ſe reduiſe en cendre, empecher 
qui ne ſe brille, et obſerver le tems et los 
circonſtances. 

* Elogium magni hujus metallurgi cc co- 
ram R. Acad. Stock. recitatum. | 
By jet 
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ject was laid aſide: therefore the 
illuſtrious Marggraaf, not knowing 
what had been done by the Swediſh 
mineralogiſts, in the year 1746 pub- 
liſhed a method of performing this 


operation, which he had diſcovered 


| himfelf®. It is not known how 
zinc is extracted in China. A cer- 
tain Engliſhman, who ſeveral years 
ago took a voyage to that country | 
for the purpoſe of learning the art, 
returned ſafely home indeed, and 
appears to have been ſufficiently in- 
ſtructed 1 in the ſecret, but he care- 
fully concealed it. We find after- 
wards that a manufactory had been 
_ eſtabliſhed at Briſtol, where zinc is 
ſaid tobe obtained by diſtillation peri 
deſcenſum. We have already ſeen 
that! it had been before obtained i in 


* Mem. de PAcad. de Berlin. 
| Swed en 


oo, 

Sweden by diſtillation peraſcenſum, 
which afterwards was effected in 
larger quantity by Meſſ. Cronſtedt 
and Riman, two very celebrated mi- 
neralogiſts and metallurgiſts. The 
difficulties occaſioned by the volatile 
and combuſtible nature of this metal, 
for a long time retarded the Know- 
ledge of the ores containing it; nor 
is that wonderful, as, being of a me- 
tallic form, it has even to our times 
been conſidered as compoſed of two 
or three ingredients. Albertus Mag- 
nus thinks iron an ingredient; Para- 
celſus called it a ſpurious ſon of 
copper; Lemery holds it to be a 
ſpecies of biſmuth; Glauber, and 
many alchemiſts, conſider it merely 
as an immature ſolar ſulphur ; Hom- 
berg, as a mixture of tin and iron ; 
Kunckel, as a coagulated mercury; 

3 | Schluter, 


(mm: 
Schluter, as tin made brittle by ſul- 
ph ur, &c.—The celebrated Brandt, 
in 1735, ſhewed that blende contain- 
ed zinc *; and ſoon after D. Swabb 
actually extracted it from the Bolog- 
nian pſeudo- galena, which poſſeſſes 
a metallic ſplendor. The Baron 
Funch, 1n 1 744, determined thepre- 
ſence of zinc in pſeudo-galena from 
the flame and the flowers T; and in 
1746, M. Marggraaf ſet tlie matter 
out of doubt. 
Bergman, i in his biſtory- of the d iſ- 
covery of the method of extracting 
zinc from calamine, wholly omits the 
| mention of Dr. Tſaac Larſon ; of 
whom Pott, in his Eſſay on Zinc, 
ipeaks very reſpectfully, acquaint- 
ing us that he really obtained ſome 
grains of that ſemi- metal from cala- 


* At. Upſal, —+ AR. Stock. 
vor. IV. 5 . | mine. 
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mine. So that though Henchkel was 
the i, Law/on was, probably, the 
ſecond perſon in Europe who pro- 
cured zinc from calamine; whether 
he was the Engliſhman who, accord- 
ing to Bergman, went to China todiſ- 
cover the method of doing it, is what 
I have not been able to learn with 
certainty. Our Engliſh writers, 
who have touched on this ſubject, 
ſpeak in high terms of Lawſon, I 
ſuppoſe from their perſonal know- 
ledge of him, for they do not refer 
to any written account“. Thus Dr. 
Pryce 
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* Pott gives us ſeveral quotations from 
a diſſertation of Dr. Lawſon's De Nihil, 
which I have never met with, and amongſt 
others the following one: Quamvis lapis ca- 
laminaris nec ſublimatione, nec cum fluxu 
ni gro det zincum, tamen ſimiles flores, ſimilis 
in igne color, ſimilis tinctura cupri, et aug- 

8 mentum 


„ 

Pryce ſays, *The late Dr. I. Law- 
ſon, obſerving that the flowers of lapis 
calaminaris were the ſame as thoſe of 
zinc, and that it's effects on copper 
were alſo the ſame with that ſemi- 
metal, never remitted his endeavours 
till he found the method of ſeparating 
pure Zinc from that ore.” And Dr. 
Campbell, in his ſurvey of Britain, 
is ſtill more particular; © + The cre- 
dit, if not the value of calamine, is 
very much raiſed ſince an ingenious 
countryman of our's diſcovered that 
it was the true mine of zinc; this 
countryman was Dr. I. Lawſon, who 
died before he had made any advan- 
mentum ponderis probabiliſſimum præbent 
argumentum lapidem calaminarem eſſe mi- 
neram zinci. Pott De Zinco, p. 9. : 
* Mineral. Cornub. p. 46. 

+ Polit. Surv. of Brit. Vol. II. p. 35. 


W 


; 
tage of his diſcovery.” The authors 
of the Supplement to Chambers's 
Dictionary, publiſhed in 1753, ex- 
pre:sly affirm, that * Dr. Lawſon 
was the firſt perſon-who ſhewed that 
calamine contained zinc ; we have 
now on foot at home a work eſta- 
bliſhed by the diſcoverer of this ore, 
which will probably make 1t very 
unneceſſary to bring any zinc into 
England.“ To all this I ſhall only 
add one teſtimony more, from which 
it may appear that the Engliſh knew 
how to extract zinc from calamine, 
before Mr. Van Swab taught the 
Swedes the method of doing it; 
though this gentlemen, unleſs I have 
been miſinformed, inſtructed the late 
Mr. Championof Briſtol, either in the 
uſe of black jack for the ſame pur- 


#* Artic. Calam. & Zinc. 
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poſe as calamine, or taught him ſome 
improvements in the method of ob- 
| taining zinc from its ores. The 
teſtimony occurs in a diſſertation of 
Henckel's on zinc, publiſhed in 
1737: he is there ſpeaking of the 
great hopes which ſome perſons had 
entertained of the poſſibility of ob- 
taining zinc from calamine ; hopes, 
he ſays, which had been realized in 
England, Ce qu'un Anglois arrive 
depuis peu de Briſtol, dit avoir vu 
reuffir dans ſon pays *. 
The manufactory, however, of zinc 
was not eſtabliſhed at Briſtol till 
about the year 1743, when Mr. 
3M This obſervation was firſt publiſhed in 
the 4th vol. of the Acta Phyſico-Medica 
Acad. Nat. Cur. 1737 ; but I have made the 
quotation from the ed. of Henckel's Works, 
publiſhed at Paris, 1760, Vol. II. p. 494. 
c3 Campion 
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ed at {enham.. Ina circular kind 


C2 
Champion obtained a patent for the 
making of it. About 200 tons of 
Zinc are annually made at the place 
where the manufactory was firſt ſet 


up; and about ſeven years ago, zinc 


began to be made at Henham near 
Briſtol, by James Emerſon, who 
had been many years manager of that 
branch under Mr. Champion, and 
his ſucceſſor in the buſineſs. 

Near twenty years ago I ſaw the 
operation of procuring zinc from. 
calamine performed at Mr. Cham- 
pion's copper works near Briſtol; it 
was then a great ſecret, and though. 
it be now better known, yet I am 
not certain whether there are any 
works of the kind yet eſtabliſhed in 


any other part of either England or 


Europe, except that before mention- 


of 


6 
of oven, like a glaſs-houſe furnace, 

there were placed fix pots about 
four feet each in height, much re- 
ſembling large oil jars in ſhape ; into 
the bottom of each pot was inſerted 
an iron tube, which paſſed through 
the floor of the furnace into a veſ- 
ſel of water. The pots were filled 
with a mixture of calamine and 
charcoal, and the mouth of each 
was then cloſe ſtopped with clay. 
The fire being propetly applied, the: 
metallic vapour of the calamine iſ- 
ſued through the iron tube, there 
being no other place through which 
it could eſcape, and the air being 
excluded, it did not take fire, but 
was condenſed in ſmall particles in 
the water, and being re- melted, 
was formed into ingots, and ſent 
to Birmingham under the name 

| 1 | of 


(48 ©] 
of zinc or ſpelter “. The reader will 
underſtand that this zinc will be 
more or leſs pure, according as the 
calamine is free from or mixed with 
iron, lead, copper, or other metallic 
ſubſtances. At Goflar in Germany 
they ſmelt an ore which contains lead, 
and ſilver, and copper, and iron, and 
zinc in the ſame maſs; the ore is 
ſmelted for the purpoſe of procuring 
the lead and ſilver, and by a particu- 
lar contrivance in the furnace, which 
is well deſcribed by Cramer, they 
obtain a portion of zinc in ſubſtance; 
another portion of it is inflamed, and 


„ There is another ſubſtance which is de- 
nominated ſpelter, or ſpelter ſolder, by the 
braziers; it is compoſed of two parts of zinc 
and of one of braſs. 


+ Ars Docim. Vol. I. p. 236. 


the 


(42-3 
the aſhes of the zinc which is thus 
conſumed, and which it has been ob- 
ſerved beſore are called philoſophic 
wool, &c. ſtick to the top and ſides 
of the furnace, and are denominated 
by the ſmelters cad mia. fornacum, or 
furnace fragmente: theſe aſhes are 
uſed as calamine is for the making of 
braſs, We know nothing of the 
method of fluxing the zinc which is 
brought from India. According to 
Muſſchenbroeck, a cubic foot of In- 
dian zinc weighs 7240 ounces ; the 
ſame bulk of Goſlar zinc, taking the 
medium of three ſpecimens, gave 
7210 ounces*; the Goſlar zinc, 
which I examined, gave only 6953 
ounces to a cubic foot; a cubic foot 
of Engliſh zinc, from Briſtol, weighs 
7028, and hence if the lightneſs of 
V Introd. ad Phil. Nat. Vol. II. 
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Zinc be a criterion of it's purity, our 


Engliſh zinc is preferable to the In- 
dian, and nearly equal to the Ger- 
man Zinc. - 
If the reader has never ſeen a piece 
of zinc, it will give him ſome idea of 
it to be told, that in colour it is not 
unlike lead; that it is hard and ſo- 
norous, and malleable in a ſmall de- 


gree; that it does not melt ſo eaſily 


as either tin or lead, but more eaſily 
than filver or copper; that in a de- 
gree of heat juſt ſufficient to melt it, 
it burns away into a kind of gray 
aſhes without being inflamed: that 
in a ſtronger heat it burns with a 
yellowiſh blue or green flame, reſolv- 
ing itſelf into a white earth, which is 
either driven off by the violence of 
the fire during the combuſtion, or 
remains ſurrounding the burning 

N Zinc 


„ 
zinc like a piece of cotton wool. 
This combuſtion of zinc is as ſtriking 
an experiment as any in chemiſtry, 
and it is in the power of any perſon 
to make it, by ſprinkling filings of 
Zinc on a pan of burning charcoal, 
or on a poker, or other piece of iron 
heated to a white heat; it is this pro- 
perty which renders fine filings of 
zinc of great uſe in fire- works. Zine 
is a very ſingular metallic ſubſtance; 
it not only burns when ſufficiently 
heated with a vivid flame, but it 
yields an inflammable air by ſolution 
in the acids of vitriol and of ſea ſalt, 
and even in ſome of it's ores it mani- 
feſts a phoſphoric quality {FE have. 
ſeen a piece of black jack from Frei- 
berg, which being ſcratched in the 
dark with the nail of a finger, emitted 

a ſtrong white light. The Chineſe 
| ZINC 
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„ 
zinc is ſaid to contain about half a 
pound of lead in an hundred, and the 
German zinc ſomewhat more *; and 
our Engliſh zinc is thought by ſome 
to make the copper with which it is 
melted harſher and leſs malleable, 
than when either of the other ſorts of 


zinc is uſed ;' though this opinion I 


ſuſpect is rather founded in prejudice 
than in truth. There is an eaſy me- 
thod, when pure zinc is required, of 
obtaining it: nothing more is requi- 
ſite than to melt it with ſulphur and 
ſome fat ſubſtance to prevent it's cal- 
cination, for the ſulphur will unite it- 
ſelf to the lead, the copper, or tbe iron 
contained in the zinc, and reduce 
them to a kind of ſcoria, which may 
be ſeparated from the melted zinc, 


* Berg. Eff. Vol. II. p. 318, 4 
| but 


„ 
but it has no action on the Zinc it- 
ſelf . The zinc made by Emerſon is 
whiter and brighter than any other 
either Engliſh or foreign zinc; but I 
do not know that it owes theſe quali- 
ties to it's being purified by ſulphur. 
Zinc and copper, when melted toge- 
ther in different proportions, conſti- 
tute what are called pinchbecks, &c. 
of different yellow colours. Marg- 
graf melted pure zinc and pure cop- 
per together, in a great variety of 
proportions, and he found that ele- 
ven, or even twelve parts of copper 
being mixed with one part of zinc 
(by putting the zinc into the copper 
am aware that Mr. Morveau has found 
out a: method of combining zinc with ſul- 
phur; but in this general view, I purpoſely 
paſs over many things which are deſervedly 
eſteemed of great importance by perſons 
deeply ſkilled in chemiſtry. | 
when 


46 


when * gave a moſt beautiful 
and very malleable tombac or pinch- 
beck *. M. Baume gives the fol- 
lowing proceſs for making a metal, 
which he ſays is called Or de Man- 
heim, and which is uſed for imitating 
gold in a variety of toys, and alſo on 
lace.— Melt an ounce and a half of 
copper, add to it three drams of zinc, 
coverinſtantly the mixture with char- 
coal duſt to prevent the calcination 
of the zinc. This covering of the 
melted maſs with charcoal is certainly 
ſerviceable in the way the author 
mentions; and it is on a ſimilar prin- 
ciple, that when they melt ſteel at 
Sheffield they keep the ſurface of it 
covered with charcoal; but I think 
it probable alſo, that the charcoal 
contributes to exalt the golden co- 


* Mem. of Berlin, 1774. 
+ Chy. par M. Baume, Vol. II. p. 662. 
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Jour of the pinchbeck. Theſe yel- 
low metals are ſeldom ſo malleable as 
braſs, on account of the zinc which 

is uſed in making them not being 
in ſo pure a ſtate as that is which 
is combined with copper when braſs 
is made; yet it appears from the ex- 
periments of Marggraf and Baume | 
before mentioned, that when pure 
zinc and pure copper are uſed in 
proper proportions, very malleable 
braſs may be made thereby. Mr. 
Emerſon has a patent for making 
braſs with Zinc and copper, as I have 
been informed; and his braſs is ſaid 
to be more malleable, more beauti- 
ful, and of a colour more reſembling 
gold, than ordinary braſs is. It is 
quite free from knots or hard places, 
ariſing from iron, to which other braſs 


is ſubject; and this quality, as it re- 
ſpects 


„ 
ſpects the magnetic needle, renders it 
of great importance in making com- 
paſſes. The method of making ordi- | 
nary braſs I will now deſcribe; 
Copper in thin plates, or which is 
better, copper reduced (by being 
poured, when melted, into water) in- 
to grains of the ſize of large ſhot, is 
mixed with calamine and charcoal, 
both in powder, and expoſed in a 
melting pot for ſeveral hours to a fire 
not quite ſtrong enough to melt the 
copper, but ſufficient for uniting the 
metallic earth of the calamine to the 
phlogiſton of the coal; this union 
forms a metallic ſubſtance, which 
penetrates the copper contiguous to 
it, changing it's colour from red to 
yellow, and augmenting it's weight in 
agreat proportion. 'The greater the 
ſurface ofa definite weight of copper, 
„ 


Cul 
the more ſpace has the metallic va- 
pour of the calamine to attach itſelf 
to; and this is, the reaſon that the 
copper is granulated, and that it is 
' © kept from melting and running into 
a maſs at the bottom of the veſſel, 
till near the end of the operation, 
when the heat i IS Increaſed for that 
purpoſe. | 
The German braſs- makers, i in the 
time of Erckern, uſed to mix 64 
pounds of ſmall pieces of copper with 
4.6 pounds of calamine and charcoal, 
and from this mixture they generally 
obtained go pounds of braſs.“ Cra- 
er recommends 3 parts of powdered - 
calamine to be mixed with an equal 
weight of charcoal duſt and 2 parts 
of copper, and ſays that the braſs 


* Fleta Minor, by Sir }. Pettus, p. 286. 
Newman gives the ſame proportions, p. 65. 
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( 
obtained by the proceſs exceeds the 
weight of the copper by a fourth, or 
even a third part of it's weight*. At 
moſt of our Engliſh braſs works they 
uſe 45 pounds of copper to 60 
pounds of calamine for making ingot 


braſs, and they ſeldom obtain leſs 


than 60, or more than 50, pounds of 
braſs; at Holywell they reckon the 
medium product to be 68: and 
hence a ton of copper, by this ope- 
ration, becomes rather more than a 
ton and a half of braſs. This is a 
larger increaſe of weight in the cop- 


per than is obſerved in any of the 


foreign manufactories that I have 
ever read of; and it may be attribut- 
ed to two cauſes tothe ſuperior ex- 


cellence of our calamine, and to our 


uſing granulated copper. Poſtle- 
* Cram. Ars. Doc. Vol. II. p. 246. 
| thwayte, 


Cl 
thwayte, in his Commercial Diction- 
ary, attributes the difference in the 
increaſe of weight acquired by the 
braſs to the different natures of the 
coppers which are uſed: © There 
is an increaſe of 48 or 30 pounds in 
an hundred, if copper of Hungary 
or Sweden be uſed; that of Norway 
yields but 38, and that of Italy but 
20.“ When they make brats which is 
tobecaſtinto plates, from which pans 
and kettles are to be made, and wire 
is to be drawn, they uſe calamine of 
the fineſt ſort, and in a greater pro- 
portion than when common braſs 1s 
made—generally 56 pounds of cala- 
mine to 34 of copper. Old brafs, 
which has been frequently expoſed 
tothe action of fire, when mixed with 
the copper and calamine in the mak- 
ing of braſs, renders the braſs far 
CN D 2 more 


„ 
more ductile, and fitter for the mak - 
ing of fine wire, than it would be 
without it; but the German braſs, 
particularly that made at Nuremberg, | 
is, when drawn into wire, ſaid to be 
preferable to any made in England 
for muſical inſtruments. If this pre- 
ference be real, it will ceaſe to exiſt 
as ſoon as any ingenious man ſhall 
undertake toexamine the ſubject; for 
our materials for making braſs are as 
good as any in the world. The quan- 
tity of charcoal, which 1s uſed, is not 
the ſame at all works; it is generally 
about a fourth part of the weight of 
the calamine: an exceſs of charcoal 
can be attended with noother incon- 
venience than that of uſeleſsly filling 
up the pots in which the braſs is 
made; but powdered pitcoal, which 
is uſed at ſome works in conjunction 
with, 


EL 
with, or in the place of charcoal, great - 
ly injures the malleability of the braſs. 
As to black jack, the other ore of 
zinc, it is not ſo commonly uſed as 
calamine for the making of braſs. 
The manufacturers have been ſome- 
what capricious in their ſentiments 
concerning it; ſome have preferred it 
to calamine, and others have wholly 
neglected it; and the ſame perſons at 
different times have made great uſe 
of it, or entirely laid it aſide. There 
muſt have been ſome uncertainty in 
the produceor goodneſs of braſs made 
by this mineral, to bave occaſioned 
tuchdifferent opinions concerningit 
and this uncertainty may have pro- 
ceeded either from the variable qua- 
lities of the mineral itſelf, or from 
the unſkilfulneſs of the operators in 
calcining, &c. a mineral to which 
D 3 they 
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they had not been much accuſtomed. 
Several ſhip loads of it were ſent a 
few years ago from Cornwall to Briſ- 
tol, at the price of 40 ſhillings down 
to a moidore a ton.“ Upon the 

| whole, however, experience has not 
brought it into reputation at Briſtol. 
For many purpoſes braſs is more 

_ uſeful than copper; it is lighter, 
harder, more ſonorous, more fuſible, 
leſs hable to ſcale in the fire, and to 
ruſt in the air. It 1s not malleable 
when hot, and in this reſpect it is in- 
ferior to copper; but when cold it 
may be beat out into thin lea ves, as 
may be ſeen in the braſs leaf, which 
emulates in colour and thinneſsgold 
leaf. If a brafs leaf be held in the 
flame of a candle, the metallic part 
of the calamine will beinflamed, and 


* Miner. Cornu. p. 47. 
the 
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the braſs will be changed into cop- 
per. This change of braſs into cop- 

per will take place in the largeſt 
maſſes, as well as in thin leaves of it, 

if the braſs be kept a ſufficient time 
in a ſtate of fuſion, The varieties in 

the colour, malleability, and duc- 

tility of braſs, proceed from the 
quantity and quality of the calamine 
imbibed by the copper; and the qua- 
lity of the copper itſelf is a circum- 
ſtance of no ſmall importance in the 
making of braſs. *© I have obſerved, 
ſays Dr. Lewis, “ in a large ſet of ex- 
periments on this ſubject, that a lit- 

tle of the calamine {that is, of the 
zinc contained in the calamine) di- 
lutes the colour of the copper, and ren- 
ders it pale; that when the copper has 
imbibed about one twelfth of it's own 


Newman's Chem. by Lewis, notes, p. 55. 
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weight, the colour inclines to yellow; 
that the yellowneſs increaſes more 
and more till the proportion comes 
almoſt to one half; that on further 
augmenting the calamine, the braſs 
becomes paler and paler, and at laſt 
white.” As to the different quali- 
ties of different kinds of copper, they 
are ſufficiently known to workmen 
employed in fabricating it; and phi- 
loſophers have fo far obſerved them, 
as to diſtinguiſh the different ſorts of 
copper by the different weights which 
appertain to equal bulks of them. 
The lighteſt copper which Muſſchen- 
broeck has noticed, is that which is 
precipitated from the copper waters 
in Hungary; acubic foot of this fort 
weighed, when melted, 7242 ounces; 
and the heavieſ} ſort he mentions is 
the Japan copper; a cubic foot of it, 
when 


( 


when ſimply melted, weighed 8726 


ounces. The difference of the weights 
of equal bulks of theſe two ſorts of 
copper is very confiderable ; but yet 
it is much leſs than what may be ob- 
ſerved between two ſpecimens of the 
ſame ſort of copper, one of which 
has been cat, and the other has been 
orought: the ſame Hungarian cop- 
per, which, when barely melted, 
weighed 7242 ounces to the cubic 
foot, when it had been condenſed by 
being long hammered, weighedgozo. 
Many of our Engliſh writers eſtimate 
the weight of a cubic foot of copper 
at ooo ounces®, but they do not ſay 


whether the copper was melted mere 
ty, or hammered ; nor from what 


mine it was procured, I found the 


weight of a cubic foot of plate-braſs 


Cotes, Ferguſon, Martin, Campbell. 
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from Briſtol to be 844.1 ounces, and 


that of a cubic foot of old braſs from 


the bottom of an old kettle to be 
8819; which ſhews that it approach-- 
ed to the weight of copper, and in- 
deed from the redneſs of it's appear-- 
ance it ſeemed as if all the zinc had 
been burned away. I had a preſent 
made me of a fine celt (the antiqua- 
Ties are not agreed concerning the 
uſes to which the celts were applied, 
nor whether they are to be eſteemed 
Britiſh or Roman inſtruments); it was: 


covered over with a thick patina. I. 
heated it in the fire, in order to get 


rid of this precious patina, or green 
ruſt, and took the ſpecific gravity of 
it when quite freed from it's ruſt, with 


great care; a cubic foot of it would 
have weighed only 6290 Ounces. It 


was not malleable either when hot or 
| cold. 


(i 
cold, I then melted it; when in a 
ſtate of fuſion it emitted a blue flame, 
and a thick white ſmoke, which are 
eſteemed certain marks of Zinc. I 
melted it a ſecond time, but there 
was no appearance of either flame or 
ſmoke, the zinc having been all con- 
ſumed: I could not obſerve any lead 
in it; a cubic foot of it, after it was 
gently cooled from it's ſtate of fuſion, 
weighed 8490 ounces; and it was now 
malleable, as cold braſs always is: 
it was compoſed, I think, of copper, 
calamine, and tin; and I have heard 
that ſome celts contain a little ſilver. 
The change of texture which it had 
undergone, by being long buried in 
the earth, occaſioned it's comparative 
levity: this diminution of weight, 
which decaying braſs ſuſtains, is not 
peculiar to braſs; it probably belongs 
to 
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to iron, and other metallic ſubſtances 
ſubject to decay; and it certainly be- 
longs to many ſpecies of ſtones. I 
have in another place obſerved, that 
a cubic foot of foad/tone has different 
weights, according as the ſtone is 
more or leſs decayed; that which is 
moſt decayed being thelighteſt. We 
have a ſtratum of blueiſh gray rag- 

fone in Weſtmoreland, which lies 
under the limeſtone ; large cobbles 
of this ſort of ſtone, which are ex- 
poſed to the air, are decayed to a 
certain depth from the ſurface, whilſt 
the inward part ſeems entire; a cu- 
bic foot of the outward part of one 
of theſe ſtones weighed 2378, when 

the inward part of the ſame ſtone 
weighed 2603 ounces to the cubic 


foot. This ragſtone is very hard, 
but the ſame phenomenon may be 


noticed in a ſtone ſtill harder. The 
= Cam- 


(& 1) 


2592 ounces to the cubic foot ; the 
ſame flint being in part decayed and 
become externally white, though 
black within, weighed 2414, and 


when become wholly white, 2400 


ounces to the cubic foot : the ge- 
neral reaſon of this ſeems to be, 
that the pores of the decayed body 
are augmented, Mr. Kirwan has 
well explained the manner in which 
nature operates in decompoſing 
ſtones. © Flints, jaſpers, petro-filex, 
telt-ſpar, granites, lavas, and ferru- 
ginous ſtones, have frequently been 
ſaid to be decompoſed by the air, 
and the obſervations of Mr. Gre- 


ville and Sir W. Hamilton have re- 


moved every doubt I entertained on 


this head. With regard to ferrugi- 


nous ſtones, in which the calx of iron 


is not mucli dephlogiſticated, this 


de- 


Cambridgeſhire black flint weighs 
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for this calx gradually becomes more 
dephlogiſticated by the action of the 
water and air, attracts water and 
fixed air, and loſes it's adherence 
with the ſiliceous, or other ftony 
particles: this is ſeen to happen to 
baſaltes, toadſtone, ferruginous: 
limeſtone, &c. In other ſtones this 
decompoſition may ariſe from their 
containing calcareous earth in a 
cauſtic ſtate, or manganeſe, for 
theſe will gradually attract water 
and fixed air, and then ſwell, burſt, 
and looſen the whole texture of the 
ſtone, as we ſee happen to bricks 
that contain lime. Thus alſo glaſs 
15 decompoſed by long expoſure to 


the air, the alkali attracting water 
and aerial acid. Mortar, on the 
contrary, hardens by long expoſure - 
to the air, becauſe, though the aerial 


acid 


NS 
acid be attracted, yet a great part 


of the water exhales*.” The changes 


produced by the long expoſure of 
bodies to the air, and the cauſes of 
them, deſerve a more minute inveſ- 


tigation than has hitherto been be- 


ſtowed on them; ſome advantage, 
might, perhaps, be derived from 
the enquiry to our manufacturers; 
for I have cauſe to think that iron, 


which has been expoſed to the air 


for three or four years, is a very dif- 
ferent ſubſtance from the ſame iron 
when juſt made: and the ſame ob- 
ſervation will probably hold with 
reſpe& to copper and braſs.—But 
to return from this digreſſion. 
Thecalamine of Bohemia cantains 
iron; moſt of our Engliſh calamine 
contains lead ; and there are ſome 
Elements of Min. by R. Kirwan. p. 141. 
| ſorts 
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ſorts which contain both iron and 
lead, and other metals in different 
proportiohs : theſe ſorts can ſeldom 
be freed from the extraneous metals; 
and hence, in theordinary methodof 
making braſs, they will be mixed 
with it, being fuſible in the degree 
of heat uſually employed in making 
braſs. Cramer mentions a very in- 
genious method of making brafs, by 
which, if it ſhould be thought neceſ- 
fary to do it, the braſs may be pre- 
ſerved pure from theſe heterogeneous 


mixtures. He orders the calamine 


and charcoal tobe mixed with moiſt- 
ened clay, and rammed to the bot- 
tomof the melting pot, and the cop- 
per mixed with charcoal to be placed 
upon the clay; then, the proper — 
gree of heat being applied, the va- 
pour of the zinc contained in the ca- 
i, lamine 
* 


( 65 ) 
lamine will aſcend through the clay, 


and attach itſelf to the copper, but 
the iron or lead contained i in the ca- 
lamine, not being volatile, will re- 


main in the clay, and the braſs when 
the whole is melted will not be mix- 
ed with them, but reſt pure on the 


ſurface of the clay. Mr. Jo Cham- 


pion, brother to him who firſt eſta- 
bliſhed the manufactory of zinc at 


Briſtol, is a very ingenious metal- 


lurgiſt, and he has lately obtained a 


patent for making braſs by combin- 
ing zinc in vapour with heated cop- 
per plates, and the braſs is ſaid to be 
very fine; whether the proceſs he 
uſes has any correſpondence with this 
mentioned by Cramer, or not, his 
braſs will certainly be free from the 
mixture of lead, &c. But the care 


to purify braſs from ſuch metallic 
vol. Iv. E mix- 
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mixtures as may be accidentally con- 


tained in the calamine, is, or is not 
neceſſary, according to the purpoſes 


to which brafs is applied. Theſe 


mixtures may. probably injure the 


malleability of the braſs, but they 


may at the ſame time increaſe it's 
hardneſs, or render it ſuſceptible of a 


better poliſh, or give it a particulari- 


ty of colour, or ſome other quality by 


which 1t may be more uſeful in cer- 


tain manufactories, than if it was 
quite free from them, and conſiſted 
of nothing but of the pureſt metallic 
part of the calamine, united to the 
pureſt copper. This may be illuſ- 


trated from what is obſervable in 


other metals. The red iron ore from 


Furneſs in Lancaſhire produces an 


iron which is as tough as Span/h 
iron; it makes very fine wire; but 
when 


1 
when converted into bars, it is not 
eſteemed fo good as that which is 
made inthe foreſt of Dean, and other 
places. There are but few ſorts of 
iron which, though uſeful in- other 
reſpects, are fit for being converted 
into ſteel: ſome ſorts of iron will ad- 
mit a high poliſh, as may be ſeen 
in many expenſive grates which are 


ſold as grates of poliſhed ſteel, though 


they are nothing but iron, whilſt 


others take but a very indifferent po- 
liſh; the Stwedi/h, Itu ian, and Eug- 
{5/k irons,and even the irons made at 
different furnaces in the ſame coun- 


try, are reſpectively fit for ſome pur- 


poles, and unfit for other: he who 
ſhould attempt to uſe the ſame iron 
for the making of wire, and for 
coach and waggon wheels, would be- 


tray great ignorance in his buſineſs. 
E 2 Nö 
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In like manner, a notable difference 


may be obſerved in different ſorts of 
copper, yet all of them have their 


reſpective uſes : the Swediſh copper 
is more malleable than the copper of 


Hungary ; the copper of Angleſey 
differs from the copper of Cornwall 
and of Staffordſhire. The braziers 
prefer that copper which they can 
work with the greateſt facility ; but 
themalleability of copper ſhouldnot 
be eſteemed the only. criterion of it's 
goodneſs; for the copper which 1s 
leſs malleable may admit a finer 
poliſh, and may laſt longer when 


expoſed, as in breweries, in the navy, 


&c. to the action of the fire, than 
the copper which is more malleable. 
This has been proved by experiment. 


Three plates of copper, equal to each 
other in ſurface and thickneſs, were 


ex- 


* 


= 
expoſed, for the ſame length of time, 
toa violent fire, with a view of ſeeing 
which would beſt ſuſtain it's action; 
one plate was made of copper which 
had bren purified by a chemical pro- 
ceſs, another was made of copper 
from Hungary, and the third of Swe- 
diſh copper. The purified copper, 
when freed from the calcined ſcales, 
had loſt 5 grains of it's weight, that 
of Hungary had loſt 8, and that of 
Sweden 11 grains. . 
Queen Elizabeth,in 1 56 << 
| by patent all the calamine in Eng- 
land and within the Engliſh pale in 
Ireland to her aſſay maſter William 
Humphrey, and one Chriftopher 
Shutz a German, and, as the patent 
ſets forth, a workman of great cun- 
ning, knowledge and experience, as 


* Mem. de Brux. Vol. IV. 
ay well 
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So. 
well in the finding of calamine, as in 
the proper uſe of it for the compoſi- 
tion of the mixt metal called latter 
or bra/5*, With theſe patentees 
were ſoonafter aſſociated ſome of the 


greateſt men in the kingdom, as Sir 


Nicholas Bacon, the Duke of Nor- 
folk, the Earls of Pembroke and 
Leiceſter, Lord Cobham, Sir William 
Cecil, and others, and the whole were 
incorporated into a ſoeiety, called 
The Society for the Mineral and 


Battery Works, in the year 1568. 


Mines of latten, whatever may have 
been at that period meant by the 


Opera Mineralia Explicata, p. 34. 
This work was written by Moſes Stringer; 
M. D. in 1713, and contains a complete 
hiſtory of the ancient corporation of the city, 
of London, of and for the mines, the mineral. 
and battery works. 


ward > 
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word,. are mentioned in the time of 


1 Henry VI. who made h is chaplain, 


John Bottwright, comptroller of all 
his mines of gold and ſilver, copper, 
latten, lead, within the counties of 
Devon and Cornwall“; yet J am diſ- 
poſed to think, that the beginning of 
the braſs manufactory in England 
may be properly referred to the po- 
licy of Elizabeth, who invited into 
the kingdom various perſons from 
Germany, who were well {killed in 
metallurgy and mining. In 1639, a 
proclamation was ifſued prohibiting 
the importation of braſs wire; and 
about the year 1650,0ne Demetrius, 


 _aGerman,ſet up a braſs work in Sur- .. 
ry, at the expence of ſix thouſand 


pounds; and above eight thouſand 


p 4M 8 
Eſſays on Metal. Wordz—Braſs. 
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men are ſaid to have been employed 
in the braſs manufactories which 
were eſtabliſhed in Nottinghamſhire, 
and near London; yet Sir John Pet- 
tus in his account of royal mines 
publiſhed in 1670, obſerves that theſe 
brats works were then decayed, and 
the art of making braſs almoſt gone 
with the artiſts*. But though the 
art was then a/moft gone, yet it was 
never, after it's firſt eſtabliſhment, 
altogether loſt ; for about the year 
1708, we find that there were braſs 
manufacturers in England, and that- 
they preſented a memorial to the 
Houſe of Commons, ſetting forth ſe- 
veral reaſons for continuing the brafs 
manufactory 1n this kingdom, and 
ſoliciting for it the protection of par- 
liament +. In this memorial they 


* Fodinz Regal. p. 33. 


+ Oper. Min. Ex. p. 156. 
ſtated, - 


F-, 

ated, that England, by reaſon of the 
-inexhauſtible plenty of calamine, 
might become the ſtaple of braſs ma- 
nufactory for itſelf and foreign parts; 
that the continuing the braſs works 
in England would occaſion plenty of 
rough copper to be brought in, and 
make it the ſtaple (in time) of cop- 
per and braſs; that the Swedes had 
endeavoured to ſubvert the Engliſh 
braſs manufactory, by lowering the 

priceof Swediſh braſs wire, inveigling 
away workmen, and other means. 

In compliance with the purport of 
this memorial, an act of parliament 

was paſied in the ſame year, by which 

the former duties payable on the ex- 
portation of copper of the produce of 
Great Britain, and of bra/s wire, were 
taken off, and theſe articles were al- 


bn to be exported free of duty. 
In 
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In 2420 it was remarked, that this 


nation could ſupply itſelf with cop- 
per and braſs. of it's own produce, 
ſufficient for all occaſions, if ſuch 
duties were laid on foreign copper 
and braſs as would diſcourage their 
importation, and at the ſame time 
encourage the ſale of our own me- 
tals*. At preſent the braſs manu- 
factory is eſtabliſhed amongſt us in 
a very great extent; we are fo far 
from being obliged to have recourſe 
to any of our neighbours for this. 
cotamodity, that weannually export 


large quantities of manufactured 


braſs to Flanders (it was formerly 
called Flanders metal), France, Ger- 


* State of the Copper and Braſs Manu- 
factures, by W. Wood—the ſame perſon 
whom Swift handled ſo. * in his Dra- 
pier's Letters.“ 


many, 


( 0 2 
many, Portugal, Spain, Ruſha, Afri- 
ca, and moſt other parts of the 
world. In 1783, a bill was paſſed by 
the Houſe of Commons for repeal- 
ing certain flatutes prohibiting the 
exportation of braſs. In the reign 
of Edward III. the exportation of 
iron, either made at home or brought 
into England, had been prohibited 


upon the pain of forfeiting double 


the value of the quantity exported“*. 
And in the reigns of Henry VIII. 
and Edward VI. ſeveral acts of par- 
liament had been paſſed, prohibiting 
the exportation of braſs, copper, lat- 

ten, bell- metal, pan- metal, gun-me- 5 
tal, ſhrof- metal, under the ſame pe- 
nalty . The general reaſon for 


* 1 Kd. a 
+ 21 Hen. VIII. c. 10.—3z3 Hen. VIII. 
e. 7. d. VI 9% 


paſſing 


E 
paſſing theſe acts certainly does not 
apply to the preſent ſtate of our 
mines and manufactures, for the rea- 
ſon was this —leſt there ſhould not be 
metal enough left in the kingdom 
fit for making of guns and other en- 
gines of war, nor for houfhold utenſils 
The forementioned acts of parliament 
were partially repealed, by an act 
paſſed in the ſixth year of William 
and Mary, by which it was rendered 
lawful to export, after the 2 5th of 
March, 1694, all manner of iron, 
copper, or mundick metal; but the 
prohibition of the other metals was 
continued. The braſs-makers in 
1783 applied for the ſame liberty 
which had been granted to the iron 
and copper ſmelters, a liberty of ex- 
porting the crude co modity; this 
liberty was not granted them by the 
| legiſ- 


LC 
legiſlature, for the bill which had 
paſſed the Houſe of Commons, was 
thrown out by the Lords. The Bir- 
mingham manufacturers preſented a 
petition to the Houſe of Commons 
againſt the bill which was then pend- 


ing; in which petition it was repre- 


ſented—that frequent attempts had 
been made to ere& manfactures 
ſimilar to thoſe of Birmingham in 


different parts of Europe, and that 


the excellence'of ſome of the Bir- 
mingham articles depended upon 
braſs of very different qualities, and 
that, fortunately for this country, 
there were ſeveral ſorts of braſs that 
werepeculiarly adapted to the diffe- 
rent branches of their manufact ures; 
fo that the fort which was ſuitable 
for one article, was improper for an- 


other : and that they had reaſon to 
| believe, 
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the various ſorts of Engliſh braſs to 


(8) 


believe, that the manner of adapting 


different articles in their manufac-- 
tures, was not known to foreigners; 
but that if free liberty was given to 
export braſs, every maker might be 
induced to diſcover the peculiar uſes 
of his ſort, and that very diſagreeable 
conſequences to their manufactures 


might thereby be produced. The 


petitioners alſo repreſented—that 


brais-makers, in different provinces 
of this kingdom, had not ſucceeded 
in making the ſorts of braſs made in 
other provinces. and that one great 
company of braſs- makers had not 
ſucceeded in making braſs fuita- 
ble for the .Birmingham - market, 
though they had profeſſed an earneſt 


deſire to do ſo. And they bumbly 
apprehended, o_ there never had 


Been 


C09 1 


been ſuch a quantity of braſs export- 


ed as to render it a national object, 
and that there was not a probability 
of any ſuch quantity being exported, 
though ſo much might be as to raiſe 
a ruinous competition to their manu- 
factures, &c. 


The braſs-makers, it may be ſaid, 
ſuffer an injury in being prohibited 


from exporting a commodity by 


which they might be gainers, merely 


leſt the great braſs . manufacturers 
ſhould loſe ſomewhat of their pro- 
fit, by having a leſs extenſive trade. 
But this is not a proper ſtate of the 
caſe; it is not for the ſake of the 


great braſs manufacturers that the 


prohibition of exporting braſs is 
continued, nor is there any want of 


that metal in the kingdom, but 


leſt foreigners ſhould rival us in a 
trade which, 1n affording employ- 
; ment 
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ment to many thouſands of peo- 


ple, is of the greateſt conſequence 


to the kingdom in general. The 
proprietors of Fullers earth have 


been prohibited from exportingthat 


material, not out of any partial re- 
gard of the legiſlature for the great 


woollen manufacturers, but left the 


number of perſons employed in that 


manufacture ſhould be much leſſ- 


ened, if foreigners were ſupplied 
with an article ſo eſſentially neceſſary 
to it's perfection, as fullers earth is 
found to be; and though other na- 
tions have fullers earth, yet that 
which is met with in England is 
reckoned to be fitter for the woollen 


manufactory, than any other which 


has yet been found in any part of the 


| world. This obſervation may be ap- 


plied to the ſubject we are ſpeaking. - 


„ 

of. Great quantities of good brais are 
made by moſt nations in Europe, as 
well as by the Engliſh; but the Eng- 


liſh braſs is more adapted to the 


Birmingham manufactories than any 
other ſort is; and hence in France, 
Portugal, Ruſſia, and Germany, our 
un manufactured braſs is allowed to 
be imported free of duty, but heavy 


duties are impoſed in thoſe countries: 


on manufactured braſs when import - 
ed. The manner of mixing different 
ſorts of braſs, ſo as to make the mix- 
ture fit for particular manufactures, is 


1 notknowntoforeigners; though thisis 
a circumſtance of the greateſt import- 


ance: but there can be little doubt, 


that if foreign nations were poſſeſſed 


of all the ſorts of Engliſh braſs, they 
would ſoon ſeduce our workmen to 


inſtruct them in the manner of mix- 


ing them, and in ſome other little 
vol. Iv. F cir- 
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( 82 ) 
circumſtances, which are not gene- 
rally Known, but on which the ſuc- 
ceſs of the manufacture depends in a 
great degree. On theſe and other 
accounts, till commerce puts on a 
more liberal appearance than it has 
hitherto done in Europe, till differ- 
ent nations ſhall be diſpoſed to con- 
ſider themſelves, with reſpect to com- 
mercial intereſts, as different pro- 
vinces only of the ſame kingdom, 
it may, probably, be thought ex- 
pedient to continue the acts prohi- 
biting the exportation of unwrought 
braſs, though the reaſons which in- 
duced the legiſlature to paſs them 
have long fince ceaſed to exiſt. I 
do not enter into the inquiry, when 
the cuſtom-houſe officers began to 
make a diſtinction between wrought 
and untoroug ht braſs, ſo as to admit 
the ſormer to an entry for exporta- 
1 5 tion, 


( 48} 

tion, and not the latter; but IT ap- 
prehend it was in the year 1721, when 
various goods and merchandizes of 
the product or manufactures of Great 
Britain were allowed, by act of par- 
liament, to be exported free of duty; 
lapis caluminiris, lead, and ſeveral 
other articles are enumerated in the 
act, on which the duty was to be 
continued; but in this enumeration 
there is no mention made of un- 
wrought braſs, though it may pro- 
perly be conſidered as a merchandize 
of the product of Great Britain; but 
the quantity of braſs which was then 
made in the kingdom was ſo ſmall, 
that it did not, probably, enter into 
the contemplation of the legiſlature 
to forbid an exportation, which did 
not ſeem likely ever to take place. 
Braſsis made in various parts of Great 
Britain;but the Briſtol, Macclesfield, 
. | and 
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and Warrington companies are the 


only ones, I believe, which go 
through all the proceſſes of ſmelt- 
ing the copper from it's ore, of pre- 
paring the calamine, and of uniting 
it with copper for the making of 
braſs. The trade of braſs making 
has within theſe few months been 


much deranged throughout the na- 
tion, by an agreement which has 


been entered into by ſome of the 
principal copper companies, to the 
excluſion of others, to buy up all 
the copper of the mines now at 
work in the kingdom. The effect 
of this plan is not yet generally 
either felt or foreſeen. 


ESSAY 


( & ] 


On orie. 


E have a proof, from the 
writings of Cicero, that the 
Romans, in his time, underſtood by 
the term or:chalcum, a metallic ſub- 
ſtance reſembling ggald! in colour, but 
very inferior to it in value. He puts 
the following caſe Whether, if a 
perſon ſhould offer a piece of gold to 
ſale, thinking that he was only dif- 


* This Eſſay was written ſeveral years 
ago; itisnow printed, with little alteration, 
from a copy which I tranſmitted in 1783 to 
The Literary and Philoſophical Society at Man- 
chefter,. as a ſmall tribute of gratitude for 
the unſolicited and unexpected honour they 


had done me, in * me one of their 
members. : 


3 


pi 


4 
poſing of a piece of orichalcum, an 
honeſt man ought to inform him that 
it was really gold, or might fairly 
buy for a penny what was worth a 
thouſand times as much“ .“ It is not 
contended, that the argument, in 
this place, required any great accu- 
racy in aſcertaining the relative va- 
lues of gold and orichalcum; yet we 
may reaſonably conclude from it, 
that orichalcum might by an igno- 
rant perſon be miſtaken for gold, 
and that it was but of ſmall eſtima- 
tion when compared with it. 

Julius Ce/ar robbed the capital of 
three thouſand pound weight ofgold, 
and ſubſtituted as much gilded cop- 
per in it's ſtead ; in this ſpecies of 
ſacrilege, he was followed by Vitellius, 
who deſpoiled the temples of their 


* Cicer. de OF. L. III. 
+ Suet. in Jul. Cæſ. C. LIV. 
| gifts 


C03 | 
gifts and ornaments, replacing the. 
gold and ſilver by tin and orichal- 
cum*. From this circumſtance alto, 
we may collect, that the Roman ori- 
chalcum reſembled gold in colour, 
though it was far inferior to it in 
val. 1 


It is probable, that the orichalcum 


here ſpoken of, was a metallic ſub- 
ſtance greatly analogous to our braſs, 
if not wholly the ſame with it. The 


value of our braſs is much leſs than 


that of gold, and the reſemhlance of 


braſs to gold in colour, is obvious at 


firſt fight. Both braſs and gold, in- 


deed, are ſuſceptible of a variety of 


ſhades of yellow; and, if very pale 
braſs be compared with gold mixed 
with much copper, ſuch as the foreign 
goldſmiths eſpecially uſe in theirtoys, 


* Id. in Vitel. C. VI. * 
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a diſparity may be ſeen; but the near- 
neſs of the reſemblance is ſufficiently 
aſcertained in general, from obſerv- 
ing that ſubſtancegilded with braſs, 
or, as it is commonly called, Dutch 
leaf, are not eaſily diſtin guiſhed from 
ſuch as are gilded with gold leaf. 

The Romans were not only in poſ- 
ſeſſion of a metallic ſubſtance, called 
by them orichalcum, and reſembling 
gold in colour, but they knew alſo 
the manner of making it; and the 
materials from which they made it, 
were the very ſame from which we 
make braſs. I am ſenſible, that in ad- 
vancing this opinion, I diſſent from 
- authors of great credit, who eſteem 
the art of making braſs to be wholly 

a moderninvention. Thus M. Cron- 

fedt (though I differ in opinion 

from him) does not think it juſt to 
„„ con- 


68 5 


— from old coins 4 other 


antiquities, that it is evidently prov- 
ed, that the making of braſs was 
known in the moſt ancient times *; 
the authors of the French Encyclope- 
die aſſure us, that “our braſs is a 
very recent invention ;“ and Dr. 
Laughton & ſays, the veſſels here 
callen brazen, after ancient authors. 
cannot have been of the materials 
our preſent braſs is compoſed of; 
the art of W it is a modern 
diſcovery.“ 


Pliny, ſpeaking at ſome 1 


which had been diſcovered near Cor- 
dat ha in the province of Andalufia in 
Spain, ſays, © this of all the kinds of 
copper, the Livianexcepted, abſorbs 


molt cadmza,and imitates the good- 
Miner. p- 218. f Art. Orichalque. 
Laughton's Hiſt. of Ancient Egypt, p. 58. 
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„ 
nels of gurichalcumx.“ The expreſ- 
ſion, *abſorbs moſt cadmia, ſeems to 
indicate, that the copper was increaſ- 
ed in bulk, or in weight, or in both, 

by means of the cadmia. Now it is 
well known, that any definite quan- 
tity of copper 18 greatly increaſed, 
both in bulk and in weight, when it 
is made into braſs by being fluxed 
in conjunction with calamine. The 
other attribute of the copper, when 
mixed with cadmia, was, it's reſem- 
bling aurichalcum. We have ſeen 
from Cicero, that the term orichal- 
cum was applied to a ſubſtance far 
lefs valuable than gold, but ſimilar 
to it in colour; and it is likely enough, 
that the omans commonly called 
the mixture of copper and cadmia 
orichalcum, though Pliny ſays, that 


fs 


It 


* Hiſt, Nat. L. XXXIV. 8. II. 


( $3 
it only reſembled it; he, as a natu- 
raliſt, ſpeaking with precifion, and 


diſtinguiſhing the real orichalcum, 


which in his time, he ſays, was no 
where produced, from the factitious 
one, which, from it's reſemblance to 
it, had uſurped it's name. 
Sertus Pompeius Feſtus abridged a 
work of Verrius Flaccus, a gramma- 


rian of conſiderable note in the time 


of Augufius. In this abridgment, 
he defines cadmia to be an earth 
which is thrown upon copper, in or- 
ger to change it into orichalcum“*. 
The age in which Feſtus flouriſhed 

is not aſcertained: he was unqueſtion- 
ably poſterior to Martial, and ſome 
have thought that he lived under 
the Chriſtian Emperors. But leaving 


Cadmia Terra quæ in æs conjicitur, ut 
fiat orichalcum.—Feſ. de Ver. Seq. 


that 


* Wh » 


4 8 * * l * es 

4 E. 4 L U 2 . 1 A 
4 WF OR = * 4 « * * 4 * 
0 2 — — he K* * 


8 
—— * 
Py * * 


8 
> 


* > ws 


EY Os a: 


8 


* 


3 


S 2 2 
1 
_ - l 


42 
4 
* 
E 
* 
= 
on 
7 
x 
$47 - 
0 
4 
* 


* Nr 


bd . tn 3 ug 3 F 
_ 3 


— — ö—ů --- . — 


1 — 4 > 2 > 

322 — hays 1 — — T 
5 "=" " * _ — 

2 — 4 ö _ * 2 — 


e 


— * \ 1 2 
al. 4 2 a 
— 


o Cd = 
7 - 
+40. — — 2 
r * * 43-42 - 
ha 5 PT rr 1 3 * — > 8 
r RY —_ Es - * 2 ” = 
_— : ** oy r +$ * Ian of N 4 * * * 5 
A * — — 
- ——2000 22 8 


: A = 
£ "8 ABT: 
- A a 


CES 


7 
9 
® 
. 
+ 


2 


S 


—— — ———— ——— — "ADR 8 
w 


6 BEGS - er — 


el. 


. 
that point to be ſettled by the critics, 
if he expreſſed himſelf in the words 
of the author whoſe work he abridg- 
ed, we have from him a deciſive proof, 
that cadmia was conſidered as a ſpe- 
cies of earth, and that the Romans 
uſed it for the converting of copper 
into a metallic ſubſtance called, in 
the Auguſtan age, orichalcum. 
In oppoſition to this, it ought to 
be remarked, that ſome ee 


by the cadmia of Pliny, not cala - 


mine, but native arſenic. They ſeem 
to have been led into this opinion 
from obſerving that Pliny ſays, lapis 
eroſus was called cad mia. F or, ap- 4 
prehending that by lapis æroſiis 


- Pliny . underſtood a kind of ſtone 


which cauſed ulcers and eroſions i in 
the fleſh of thoſe who were oc- 


cupied in working it, and know- 


ing 


„ 
ing that arſenic produced ſuch 
an effect, they have concluded that 
cadmia was native arſenic“. Fhis, 
probably, is a miſtake ariſing from a 
miſinterpretation of the word &r9/us. 
Pliny uſually, if not conſtantly, ap- 
plies that word to ſubſtances in 
which copper is contained, without 
having any reſpect to the actions of 
ſuch ſubſtances on the fleſh of ani- 
mals. Arſenic, moreover, when mix- 
ed with copper, does not givea gold, 
but a filver-like appearance to cop- 


per. And laſtly Pliny + in another 
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* ---- nous ſoupgonnons que Pline a 
voulu deſigner par lapis æroſus, une pierre 
qui mange et fait des ulceres ou Eroſions a 
ceux qui la travaillent, et qui eſt probable- 
ment l'arſenic vierge. Miner. par M. Val- | 
mont de Bomare, V. II. p. 64.—If the 
word had been ereſus, this criticiſm might 
have been admitted. 


1 Hiſt, Nat. L. XXXIV. 10. 
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place expreſsly ſays, that the ſtone. 


from which braſs /s was made, 
was called cadmia; now it is impoſ- 
ſible to make either braſs or copper 
from arſenic. 

Ambroſe, biſhop of Milan, in the 
fourth century, ſays, that copper, 
mixed with certain drugs, was kept 
fluxed in the furnace till it acquired 
the colour of gold, and that it was 


then called aurichalcum#. Prim aſc us, 


biſhop of Adrumetum in Africa, 


In the fixth century, obſerves, that 


aurichalcum was made from copper, 
brought to a golden colour by a long 
continued heat, and the admixture of 


a drug +. 1fidorus, biſhop of Seville 


» * Esnamque in fornace, quibuſdam me- 
dicaminibus admixtis, tamdiu conflatur, 
uſque dum colorem auri accipiat, et dicitur 


aurichalcum.—Amb. in Apoc. C. J. 


+ Aurichalcum ex ære fit, cum igne multo; 
= et 


( 95 ) 
in Hain, in the ſeventh century, de- 
ſcribes aurichalcum as poſſeſſing the 
ſplendor of gold, and the hatdneſs 


of copper, and he uſes the very words 


of Primaſius reſpecting the manner 
of it's being made :. The drug 
ſpoken ot by theſe three biſhops was 
probably cadmzia. Prepared cadmia 
is highly commended by Pliny as 


uſeful in diſorders of the eyes ſ; and 


it is {till with us, under» the more 
common appellation of calamine, in 
ſome repute for the ſame purpoſe. 


Hence, conſidering the teſtimonies of 


et medicamine adhihito, perducitur ad au- 
reum colorem.—Prima. in Apoc. C. I. 

* Aurichalcum dictum, quod et ſplendo- 
rem auri, et duritiem zris poſſid eat; fit autem 
ex ære et igne multo, ac medica minibus per- 
ducitur ad aureum colorem.—Iſid. Orig. 

+ FHiſt. Nat. L. XXXIV. C. X. 
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( 96 ) 
Feftus and Pliny to the application 
of cadmia in making either orichal- 
chum, or a ſubſtance imitating the 
goodneſs of orichalcum, we cannot 
have much doubt in ſuppoſing, that 
cadmia was the drug alluded to by 
Ambroſe, and by thoſe who ſeem to 
have borrowed, with ſome inaccura- 
cy of expreſſion, his deſcription of 
the manner of making orichalcum. 

What we call braſs, was anciently 


in the French language called archal, 


and braſs wire is ſtill not unfrequeut- 
ly denominated, fil d'archal. Now if 
we can infer, from the analogy of lan- 
guages, that archal is a corruption of 
aurichalcum, we may reaſonably con- 
jecture, that our braſs, which is the 
ſame with the French archal is the 
{ame alſo with the Roman aurichal- 
cum, OB En 
Though 


4 * 


( 997 1 


Though we may, from what has 


been advanced, conclude, without 


much apprehenſion of error, that the 


Romans knew the method of making. 


braſs, by melting together calumine 
and copper ; yet the invention was 


probably derived to them from ſome. 


other country. 


We meet with two paſſages, one 


in Ariſtotle, the other in Strabo, from 


which we may collect, that braſs was 
made in Afia, much after the ſame _ 
manner in which it appears to have 


been made at Rome. 


Strabo informs us, that in the en- | 
virons of Andera, a city of Phrygia, : 
a wonderful kind of ſtone was met 
with, which being calcined became 
iron; and being then. fluxed with a 
certain earth, dropped out a fily er- 


looking, metal, which, being mixed 
VOL. Iv. G with 
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with copper, formed a compoſition 
which ſome called orichalcum*. It 
is not improbable, I think, that this 
ſtone reſembled black zack, or ſome 
other ore of zinc. Black jack may, 
in a common way of ſpeaking, be 
called a ſtone. It abounds in iron; 
and, when calcined, looks like an 
iron earth: it yields zinc by diſtilla- 
tion, ſometimes mixed with filverand 
lead: and both the metallic ſubſtance 
which may be extracted from black 
jack, and the ſublimate which ariſes 
from it whilſt it is ſmelted, will, 
when mixed with copper, make braſs. 
The Mogfynxci inhabited a coun- 
try not far from the Euæxine Sea; and 
their copper, according to Ariftotle, 
was {aid to have become ſplendid and 
white, not from the addition of tin, 


* Strab. Geo. L. XIII. 
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ES 
but from it's being mixed and ce- 


mented with an earth found in that 
country *. This cementing of copper 
with an earth, is what is done, when 


braſs is made, by uniting topper with 


calamine, which is often called, and 


indeed has the external appearance 
of, an earth : and that A/ia was cele- 
brated for it's cadmia or calamine, we 
have the teſtimony of Pliny. The 
copper of the Moſſynæci is ſaid to 
have become white by this operation. 
Whiteneſs appertains to braſs, either 
abſolutely or relatively: for braſs is 


not only much whiter than copper, 


but when it is made with a certain 
quantity of a particular ſort of cala- 
mine, for there are very various ſorts of 
it, it's ordinary yellow colour is 
Ariſ. de Mirab. Op. Tom. II. N i. 
+ Hiſt. Nat. L. XXXIV. C. II. 
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11 changed into a white. Cicero, we 
. have ſeen, ſuppoſes that orichalcum 


might have been miſtaken for gold, 
and as ſuch it muſt have been yellow; 
yet Virgil applies the 9 white 
to orichalcum: 


Ipſe dehinc auro ſqualentem alboque orichalco 
Circumdat loricam humeris “. 


Ariſtolle allo ſpeaks of having 
heard of an Indian copper, which was 
ſhining, and pure, and free from ruſt, 

and not diſtinguiſhable in colour 
from gold+; and he informs us, that 
amongſt the veſſels of Darius there 
were ſome, of which, but for the pe- 
culiarity of their /mell, it would have 
been impoſſible to fay whether they 

were made of gold or copper. This 
account ſeems very deſcriptive of 
irg. Tn. L. XII. 87. 
+ Arif. de Mirab. T. II. p. 719. 
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common braſs, which may be made : 
to reſemble gold perfectly in colour; 


but which, upon being handled, al- 


ways emits a ftrong and peculiar 


ſmell, not chlcemble either in gold 


or gilded copper. 

The kings of Per/ia, who preceded 
the Darius mentioned by Ariftotle, 
were in poſſeſſion of ſimilar veſſels ; 
but they ſeem to have been rare, and 
of courſe were held in high eſtima- 


tion. Among the magnificent pre- 
ſents of gold and ſilver veſſels which 


Artaxeræes and his counſellors gave 
to Ezra, for the ſervice of the tem- 
ple at Jeruſalem, there were twenty 


baſons of gold, and but two veſſels 


of yellow ſhining copper, precious as 
gold, or, as ſome render the words, 
reſembling gold *. «Sir John Char. 


* Ezra, viii. 27. 
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(0 
din, in his MS. note, has mentioned 
a mixt metal uſed in the Eaſt, and 
highly eſteemed there ; and, as the 
origin of this compoſition is un- 
known, it might, for aught we know, 
be as old as the time of Ezra, and 
be brought from thoſe more remote 
countries into Pera, where theſe two 
baſons were given to be conveyed to 
Jeruſalem. I have heard,” ſays the 
note, ſome Dutch gentlemen ſpeak 
of a metal in the iſland of Sumatra, 
and among the Macaſſars, much more 

eſteemed than gold, which royal per- 
ſonages alone might wear. It is a 
mixture, if lremember right, of gold 
and ſteel, or of copper and ſteel.” He 
afterwards added to this note (for 
the colour of the ink differs), *Calm- 

back is this metal compoſed of gold 


and copper. It in colour nearly re- 
ſembles 
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ſembles the pale carnation roſe, has a 


very fine grain, the poliſh extremely 


lively. I have ſeen fomething of it, 


Kc. Gold is not of ſo lively and 


brilliant a colour; I believe there is 


| ſteel mixed with the gold and eopper.” 
He ſeems to be in doubt about the 


compoſition, but very poſitive as to 


its beauty and high eftimation*®.. 


The ſuppoſition of braſs having 
been anciently made in Judia, ſeems 


to be rendered improbable by both 
Pliny and Strabs ; Pliny expreſsly 


ſaying, that the Indians had no cop- 


per}, and without copper we are 


certain that braſs cannot be made; 


and Strabo repreſenting them as fo 
ignorant of the art offluxing metals} 
Harmer's Obf. on Scrip. Vol. II. p. 491. 
+ Hift. Nat. L. XXXIV. C. XVII. 
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that, according to him, if they had 


been poſſeſſed of the materials, they 
would not have had the ability to uſe 
them for the compoſing of braſs. 
But theſe writers, it is apprehended, 
knew very little of India. Strabo, 
in particular, laments his want of 
materials to compoſe a conſiſtent ac- 


count of India; and few of the au- 


thors, from whoſe works Pliny com- 
piled his Nat ural Hiſtory, can be ſup- 


poſed to have had any intercourſe 


with that country. Strabo, more- 
over, contradicts both Pliny's obſer- 
vat ion and his own. In deſcribing 
the great pomp with which ſome of 
the Indians were accuſtomed to cele- 
brate their feſtivals, he ſpeaks of huge 
gilt kettles, cups, and tables, made of 
Indian copper*; from which it ap- 
Id. LXXVI. 
pears, 


( 10 
pears, not only that the Indians were 
not deſtitute of copper, but that they 
were ſkilful metallurgiſts, ſince they 
knew how to flux it, to form it into 
veſſels of various kinds, and to gild 
it. Perhaps, this Indian copper of 
which the veſſels were made, inſtead 
of being gilt, only reſembled gold in 
colour, and was really a ſort of braſs. 
It is granted that this is but a con- 
jecture, but it is not devoid of pro- 
bability; for, not to mention that the 


author, whoever he was, from whom 


Strabo extracted this account, might 
ina public exhibition have eaſily miſ- 
taken poliſhed braſs for gilt copper; 
nor the little probability that caul- 
drons, and kettles, and ſuch veſſels 
as were in conſtant uſe, would be 
gilded in any. country; we have rea- 
ſon to believe, from what has been 

| ob- 
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( 106 ) 
6bſerved before, that a peculiar kind 
of veſſels, probably reſembling ſome 


of thoſeexhibited in the Indian feſti- 


vals, had been long in uſe in Perſia, 
and that they were made of Indian 
copper without any gilding. We 
know that there is found in India, 
not only copper ſtrictly ſo called, but 
zinc alſo, which being mixed with 
copper, conſtitutes braſs, pinchbeck, 


tombac, ſimilor, and all the other 


metallic mixtures which reſemble 


gold in colour. On the whole, it 


appears probable to me, that braſs 
was made in the moſt remote ages in 
India, and in other parts of Afia, of 
copper and calamine, as it is at pre- 
ſent. If the celt be allowed to be a 
Britiſh inſtrument, then may we be 
certain, from what was obſerved con- 
cerning it in the laſt Effay, that our 

anceſtors 


RS... > 
anceſtors knew the method of mixing 
together calamine and copper; for 
though tin and copper, when melted 
together in certain proportions, will 


give a blueiſh green flame, yet that 


flame is not accompanied with a 
thick white ſmoke, and there are 
but few proportions in which any 
flame at all is to be feen. 


With reſpect to orichalcum, it is 
generally ſuppoſed that there-were . 


two ſorts of it, one factitious, the 
other natural ; the fa&itious, whether 
we conſider it's qualities or compoſi- 
tion, appears to have been the ſame 
withourbraſs. Astothe natural ori- 

chalcum, there is no impoſſibility in 
| ſuppoſing that copper ore may be ſo 


' intimately blended with an ore of 


Zinc, or of ſome other metallic ſub- 
ſtance, that the compound, when 


ſmelted, may yield a mixt metal of a 
5 . mane 
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(10853) 
paler hue than copper, and reſembling 
the colour of either gold or ſilver. In 
Du Halde's Hiſtory of China, we 
meet with the following account of 
the Chineſe white copper. The moſt 
extraordinary copper 1s called Pe- 
tong, or white copper: it is white 
when dug out of the mine, and till 
more white within than without. It 
appears, by a vaſt number of experi- 
ments made at Pekin, that it's colour 
is owing to no mixture; on the 
contrary, all mixtures diminiſh it's 
beauty ; for, wheri it is rightly 
managed, it looks exactly like ſilver : 
and were there not a neceſſity of 
mixing a little !tenag, or ſome 
ſuch metal with it, to foften it, and 
prevent it's brittleneſs, it would be 
ſo much the more extraordinary; 
as this ſort of copper is, perhaps, to 
be met with no where but in China, 

and 


( 1099 
and that only in the provinceof Fun- 
nan x. Notwithſtanding what is 
here ſaid, of the colour of this cop- 
per being owing to no mixture, it is 
certain that the Chineſe white cop- 
per, as brought to us, is a mixt me- 
tal; ſo that the ore, from which it 
is extracted, muſt conſiſt of various 
metallic ſubſtances; and from ſome 
ſuch ore it is poſſible that the natural 
orichalcum, if ever it exiſted, may 
have been made. But, though the 
exiſtence of natural orichalcum can- 
not be ſhewn to be impoſſible, yet 
there is ſome reaſon to doubt whe- 
ther it ever had a real exiſtence or 
not: for I pay not much attention to 
what father Kircher has ſaid of ori- 
chalcum being found between Mexi- 
co and the ſtraits of Darien; becauſe 


* Fol. Tranſ. Vol. I. p. 16. 
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6 
no other author has confirmed his 
account, at leaſt none on whoſe ſkill 
in mineralogy we may rely“. 

We know of no country in which 
it is found at preſent; nor was it 
any where found in the age of Pliny, 


nor does he ſeem to have known the 


country where it ever had been found. 


He admits, indeed, it's having been 


formerly dug out of the earth ; but 


it is remarkable that, in the very 


paſſage where he is mentioning by 
name the countries moſt celebrated 


for the production of different kinds 


of copper, he only ſays in general, 

concerning orichalcum, that it had 

been found 1n other countries, with- 

out ſpecifying any particular coun- 

try. Plato acknowledges that ort- 

chalcum was a thing only talked of 
„Kirch. Mund. Sub. 


even 


. 


6 


even in his time; it was no where 


then to be met with, though in the 
iſland of Atlantis it had been former- 


ly extracted from it's mine. The 


Greeks were in poſſeſſion of a metal- 
lic ſubſtance called orichaleum, be- 
fore the foundation of Rome; for it 
is mentioned by Homer and by He- 
ſiod, and by both of them in ſuch a 


manner as ſhews that it was then held 


in great eſteem. Other ancient 
writers have expreſſed themſelves in 
ſimilar terms of commendation; and 
it is principally from the circumſtance 
of the high reputed value of orichal- 
cum, that authorsare induced toſup- 


poſe the ancient orichalcum to have 


been a natural ſubſtance, and very 
different from the fa titious one in uſe 
at Rome, and probably in Aſia; and 
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which, 1t has been ſhewn, was no- 
thing different from our braſs. 

But this circumſtance, when pro- 
perly conſidered, does not appear to 
be of weight ſufficient to eſtabliſh 
the point. Whenever the method of 
making braſs was firſt found out, it 
is certain that it muſt have been for 
ſome time, perhaps for ſome ages, a 
very ſcarce commodity ; and this 
ſcarcity, added to it's real excellence 
as a metallic ſubſtance, muſt have 
rendered it very valuable, and enti- 
tled it to the greateſt encomiums. 
Diodorus Siculus ſpeaks of a people 
who willingly bartered their gold for 
an equal weight of iron or copper *x; 
and the Europeans have long carried 
on a ſimilar kind of commerce with 
various nations. Gold, in ſome 


* Lib. III. 
views, 


( Jy 1 

views, is juſtly eſteemed the moſt va · 

luable of metals; in other, and thoſe 

the moſt important to the well-being 

of human kind, it is far inferior to 

iron, or copper, or braſs. An indi- 

vidual, whoſe life depended upon the 

iſſue of a ſingle combat, to be de- 
cided by the ſword, would have no 
heſitation in preferring a ſword of 
ſteel, to one of gold; and an army, 
which ſhould be poſſeſſed of golden 
armour, would not ſeruple to ex- 
change it, in the day of battle, 
for the iron accoutrements of their 
enemies. Thę preference of the 
harder metals to gold, is not leſs ob- 
vious in agriculture, than in war; a 


ploughſhare, ſpade, mattock, chiſel, 


hammer, ſaw, nail, of gold, is not 
for uſe ſo valuable, as an inſtrument 
of the ſame kind made of iron or 

VOL. Iv. H- braſs. 
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braſs. Hence, there is no manner of 
abſurdity in ſuppoſing that orichal- 
cum, when firſt introduced among 
theancients, might have been prized 
at the greateſt rate, though it had 
been poſſeſſed of no other properties, 
than ſuch as appertain to braſs. 
When iron was either not at all 
known, or not common in the world, 
and copper inſtruments, civil and 
military, were almoſt the only ones 
in uſe*, a metallic mixture, reſem- 
bling gold in ſplendour, and prefer. 
able to copper, on account of it's ſu- 
perior hardneſs, and being leſs liable 
to ruſt, muſt have greatly excited the 
attention of mankind, been eagerly 
{ought after, and highly extolled by 
them. The Romans, no doubt, when 
it had been ſtipulated 1n the league 
which Porſenna made with them, at- 
Heſiod. 


ter 


Sr 
ter the expulſion of the Tarquins, 
that they ſhould not uſe iron, except 
in agriculture, muſt have eſteemed a 
metallic mixture, ſuch as braſs, at a 
rate not eaſily to be credited *. It is 
not here attempted to prove, that 
there never was a metallic ſubſtance 
called orichalcum, ſuperior in value 
and different in quality from braſs; 
but merely to ſhew, that the common 
reaſon aſſigned ſor its exiſtence, is not 
ſo cogent as is generally ſuppoſed. 
In fœdere quod, expulſis regibus, po- 
pulo Romano dedit Porſenna, nominatim 
comprehenſum invenimus, ne ferro niſi in 
agricultura uterentur. Plin. Hiſt. Nat. Vol. 


II. p. 666.—Was Porſenna induced to pro- 
hibit the Romans the uſe of iron arms, from 


the opinion, which ſeems to have prevailed 


in Greece two hundred years afterward— 


that wounds, made with copper weapons, 


were more eaſily healed, than thoſe made 
with iron? Arif. Op. L. IV. p. 43. 
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Conſidering the few ancient writers 
we have remaining, whoſe particular 
buſineſs it was to ſpeak with preciſion 
concerning ſubjects of art, or of na- 
tural hiſtory, we ought not to be 
ſurprized at the uncertainty in which 
they have left us with reſpect to ori- 
chalcum. Men have been ever much 
the ſame in all ages; or, if any ge- 
neral ſuperiority in underſtanding is 
to be allowed, it may ſeem to be 
more properly aſcribed to thoſe who 
live in the manhood or old age of 
the world, than to thoſe who exiſted 
in it's infancy or childhood; eſpecially 
as the means of acquiring and com- 
municating knowledge are, with us, 
far more attainable than they were in 
the times of either Greece or Rome. 
The Compaſs enables us to extend 
our reſearches to every quarter of the 


5 | globe 


(( 
globe with the greateſt eaſe “; and 


an hiſtorical narration of what is ſeen 


in diſtant countries, is now infinitely 
more diffuſed than it could have 


been, before the invention of print- 


ing; yet, even with theſe advantages, 
we are, in a great meaſure, ſtrangers 
to the natural hiſtory of the earth, 
and the civil hiſtory of the nat ions 


which inhabit it. He who imports 


tutenag from the Eaſt Indies, or white 
copper from China or Japan, is ſure of 


meeting with a ready market for his 


merchandize in Europe, without be- 
ing aſked any queſtions concerning 


the manner how, or the place where, 


* Buffon quotes Homer's Odyſſey,. and 
ſome Chineſe authors, to prove that the uſe 
of the mariner's compais in navigation was 
known to the ancients, atleaſt three thouſand 
years ago. Nat. Hiſt. by Buffon, Vol. IX. 
p- 17. Smellie's Tran. EC 
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210 3 
they are prepared in. An ingenious 
manufacturer of theſe metallic ſub- 
ſtances might wiſh, probably, to ac- 
quire ſome information about them, 
in order to attempt adomeſtic imita- 
tion of them; but the merchant, who 
imports them, ſeems to be too little 
intereſted in the ſucceſs of his endea- 
vours, to take much pains in pro- 
curing for him the requiſite informa- 
tion. Imitations, however, have been 
made of them, and we have an Eu- 
ropean tutenag, and an European 
white copper *, differing, in ſome qua- 
lities, from thoſe which are brought 
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* The ingenious Dr. Higgins has been ho- 
noured by the Society for theEncouragement 
of Arts, &c. with a gold medal for awhite cop- 

per, made with Engliſh materials, in imitation 
of that brought from the Eaſt Indies. His 
proceſs has not, I believe, been yet made 
public. Mem. of Agricul. Vol. III. p. 459- 


from 


„ 

from Aſia, but reſembling them in ſo 
many other, that they have acquired 
their names. Something of this kind 
may have been the caſe with reſpect 
to orichalcum, and the moſt ancient 
Greeks may have known no more of 
the manner in which it was made, 
than we do of that in which the Chi- 
neſe prepare their white copper: 
they may have had too an imitation 
of the original, and their authors 
may have often miſtaken the one for 
the other, and thus have introduced 
an uncertainty and confuſion into 
their accounts of it. | 

There is aslittle agreement amongſt 
the learned concerning the etymology 
of orichalcum, as concerning it's ori- 
gin. Thoſe who write it aurichalcum, 
ſuppoſe that it is an hybridous word, 
compoſed of a Greek term ſignifying 
1 cop- 


61 
copper, and a Latin one ſignifying 
gold. The moſt general opinion is, 
that it ought to be written orichal- 
cum, and that it is compounded of two 
Greek words, one ſignifying copper, 
and the other a mountain, and that 
we rightly render it by, Mountain 
copper. I have always looked upon 
this as a very forced derivation, inaſ- 
much as we do not thereby diſtin- 
guiſh orichalcum from any other 
kind of copper; moſt copper mines, 
in every part of the world, being 
found in mountainous countries. If 
it ſhould be thought, that ſome one 
particular mountain, either in Greece 
or Aſia, formerly produced an ore, 
which being {melted yielded a copper 
of the colour of gold, and that this 
copper was called orichalcum, or the 
mountain copper, it is much to be 

- ” _ won- 
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wondered at, that neither the poets 
nor the philoſophers of antiquity have 
beſtowed a ſingle line in it's com- 
mendat ion; for as to the Atlantis of 
Plato, before mentioned, no one, it 
is conceived, will build an argument 
for the exiſtence of natural orichal- 
cum, on ſuch an uncertain founda- 
tion: and, if there had been any 
ſuch mountain, it is probable, that 
the copper it produced would have 
retained it's name, juſt as at this 
time of day we ſpeak of Ecton cop- 
per in Stafford/hire, and of Paris- 
mountain copper in Angleſey. 
Some men are fond of etymologi- 
cal inquiries, and to them I would 
ſuggeſt a very different derivation of 
orichalcum. The Hebrew word or, 
aur, ſignifies light, fire, lame; the 
Latin terms uro, to burn, and aurum, 
gold, 


— 


( a 5 


gold, are derived from it, inaſmuch 
as gold reſembles the colourof flame: 
and hence, it is not improbable that 
orichalcum may be compoſed of an 
7 Hebrew and a Greek term, and that 
it is rightly rendered, ame- coloured 
copper. In confirmation of this it 
may be obſerved, that the Latin epi- 
thet lucidum, and the Greek one 
| @&4wov, are both applied to orichal- 
cum by the ancients : but I would 
be underſtood to ſubmit this con- 
jecture, with great deference, to 
thoſe who are much better ſkilled, 
than I am, in etymological learning. 
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Of Gun-metal—Statuary-metal— 
| Bell-metal—Pot-metal, and Spe- 
culum-melal. 


RAPE braſs there are many 
other. metallic mixtures, into 
which copper enters as the principal 
ingredient ; the moſt remarkable of 
| theſe are gun-metal, bell. metal, pot- 

metal, and ſpeculum-metal. 
It has been remarked of Queen 
Elizabeth, that ſhe left more braſs 
ord- 


(% 
ordnance at her death, than ſhe found 
of iron on her acceſſion to the throne. 
This muſt not be underſtood, as if 
gun- metal was in her time made 
chiefly of braſs; for the term braſs 
was ſometimes uſed todenotecopper, 
and ſometimesa compoſition of iron; 
copper, and calamine, was called 
braſs; and we at this day commonly 
ſpeak of braſs cannon, though braſs 
does not enter into the compoſition 
uſed for the caſting ofcannon. Aldro- 
vandus* informs us, that one hun- 
dred pounds weight of copper, with 
twelve of tin, made gun- metal; and 
that, if, inſtead of twelve, twenty 
pounds weight of tin was uſed, the 
metal became bell. metal. The work- 
men were accuſtomed to call this 
compoſition metal or bronze, accord- 
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ing as a greater or a leſs proportion 
of tin had been uſed. Some indivi- 
duals, he ſays, for the ſake of cheap- 
neſs, uſed braſs or lead inſtead of tin, 
and thus formed a kind of bronze for 
various works. I do not know whe- 
ther connoiſſeurs eſteem the metal, 
of which the ancients caſt their Aa- 
tues, to be of a quality ſuperior to 
our modern bronze; but if we ſhould 
with to imitate the Romans in this 
point, Pliny has enabled us to do it; 
for he has told us, that the metal for 
their ſtatues, and ſor the plates on 
which they engraved inſcriptions, 
was compoſed in the following man- 
ner. They firſt melted a quantity 
of copper; into the melted copper 
they put a third of its weight of old 
copper, which had been long in 
uſe; toevery hundred pounds weight 
of 
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( 126 ) 
of this mixture they added twelye 
pounds and a half of a mixture, 
compoſed of equal parts of lead and 
tin.* 

In Diego Ufano's Artillery, pub- 
liſhed in 1614, we have an account 
of the different metallic mixtures 
then uſed for the caſting of cannon, 
by the principal gun-founders in 
Europe. To 

Copper 160—100—100—109 parts. 

Tin 10— 20— 8— 8 

Braſs 8— 5— 5— 0 
The beſt poſſible metallic mixture 
cannot be eaſily aſcertained, as va- 
rious mixtures may anſwer equally 
well the rude purpoſe to which ord- 
nance is applied. Some mixtures, 
however, are unqueſtionably better 
adapted to this purpoſe than other, 

* Hiſt, Nat. L. XXXIV. S. XX. 


IN 


( 0 3 
in ſome particular points. Of two 
metallic mixtures, which ſhould be 
equally ſtrong, the lighteſt would 
have the preference: at the laſt fiege 
of Prague, part of the ordnance of 
the beſiegers was melted by the fre- 
quency of the firing; the mixture of 
which it was made contained a large 
portion of lead; and it would have 
been leſs prone to melt, and conſe- 


quently preferable, had it contained | 


note. -- ; 

= Woolwich, J believe, is the only 
place in England, where there 1s a 
foundery for the caſting of braſs 
cannon. The metallic compoſition 
there uſed, conſiſts of copper and 7in. 
The proportion, in which theſe two 
metals are combined, is not always 
the ſame, becauſe the copper is hot 
always of equal purity, and the fineſt 
A cop- 
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copper requires the moſt tin; they 
ſeldom uſe more than 12, or leſs than 
8 parts of tin to every 100 of copper. 
This metallic mixture is ſold, before 
caſting, for £7 a ton, and Govern- 
ment pays for caſting it £60 a ton. 
The guns of the Eaft India Company 
are leſs ornamented than thoſe of Go- 
vernment; on that and other ac- 
counts they are caſt for Ao a ton. I 
have here put down the weights of the 
braſs ordnance, now moſt generally 
in uſe as caſt at Woolwich. 


Weight of braſs cannon now in uſe. 


| „ 

. 42 pounders „ 3 1s 
V - : 1 

1222 - we 175 - "9 — ̃ĩ 8 
Cx - 0 0 2 


Theſe were oh EE the Royal 


George in 1780, but had been re- 
moved, 


Battering cannon. 
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moved, I believe, before ſhe was 
loſt. 


42 pounders .- 08 


32 
24 
48 
12 


9 
6 


24 pounders 


10 inches 


VOL. iv. 


Field 


55 


25 
LY 


pieces. 


— 156 


8 
4 
5 2 


Howitzers. 


31 


12 
4 


22 
2 1 
o BU 
8 
©. :0 
& 4 
8 
3: 3 
4 
3 - 16: 
3 10 
2 16 
1 | 
o 18 
 Mortars 


v. 


, { _ 10 ) 
| Mortars (Land Service). 


13 inches - 25 6:0 
10 2; OS 
=_— - . 4 © 10 
1 3 
45 7 » 0. 3-0 


| Mortars (Sea Service). 

13 inches % . 

_-- - "6.3 7 

In caſting theſe pieces of cannon, they 
generally make the thickneſs of the 
ſides near the muzzle half the dia- 
meter of the ſhot, and at the touch- 
hole, or charging cylinder, three 
fourths of the diameter. Braſs can- 
nons are dearer than ſuch as are made 
of iron; and, which is a diſadvan- 
tage, they give a louder report at 
the time of exploſion, ſo as to occa- 


fon a tingling 1 in the ears of the per- 
ſons 


* 


( 3 3 

lons on ſhipboard, which takes away 
for a time the faculty of hearing. 
Cannon might be caſt of copper 
alone ; but the mixture of tin and 
copper is harder and denſer, and leſs 
liable to ruſt than pure copper is, 
and upon theſe accounts it 1s prefer- 
able to copper. Tin melts with a 
ſmall degree of heat,. copper requires 
a very great heat to melt it; a mix- 
ture of copper and tin melts much 
eaſter than pure copper, and upon 
this account alfo, a mixture of cop- 
per and tin is preferred to pure cop- 
per, not only for the caſting of can- 
non, but of ſtatues, &c. for pure 
copper, in running through the va- 
rious parts of the moulds, would loſe 
ſo much of it's heat as to ſet haters 

it ought to do. 
Bell-metal conſiſts alſo of tin and 
9 - cop- 


( 132 ) 

copper. Authors do not agree in 
the proportions: ſome ordering 1 part 
of tin to be melted with 4 parts of 
copper* ; others making the pro- 
portion for bell-metal to be the ſame 
as that for gun- metal, or 1 part of 
tin to about 10 parts of copper, to 
which they order a little braſs to be 
added. It may in general be ob- 
ſerved, that a leſs proportion of tin 
is uſed for making church bells than 
clock bells, and that they add a 
little zinc for the bells of repeating 
watches and other ſmall bells. This 
zinc becomes manifeſt on melting 
theſe bells, by the blue flame which 
it exhibits. 


* Pemb. Chem. p. 321. 
| + Waller. Miner. Vol. II. p. 242. New 
Chem. by Lewis, p. 66. * Chem. Vol. I. 


p· 70. ** Tranſ. 
There 


| ( 108 
There 1s a very remarkable expe- 
riment mentioned by Glauber*.— 
« Make,” ſays he, © two balls of cop- 
per, and two of pure tin not mixed 
with lead, of one and the ſame form 
and quantity, the weight of which 
balls obſerve exactly; which done, 
again melt the aforeſaid balls or bul- 
lets into one, and firſt the copper, to 
which melted add the tin, leſt much 
tin evaporate in the melting, and 
preſently pour out the mixture melt- - 
ed into the mould of the firſt balls, 
and there will not come fourth four, 
nor ſcarce three balls, the weight of 
the four balls beings reſerved.” This 
ſubject has been proſecuted ſince 
Glauber's time , and it has been 
* Glauber's Works, fol. ed. 1689. p. 81. 
+ Gellert's Chy. Metal. & Chem. Dict. 
art. Allay. 
| 13 diſco- 


( 134 ) 
diſcovered, that when metallic ſub- 
ſtances are melted together it ſeldom 
happens that a cubic inch of cach of 
the two ingredients will form a maſs 
exactly equal to two cubic inches; 
the mixture will in ſome inſtances be 
greater, and in others leſs than two 
cubic inches. In the inſtance of tin 
and copper, where the bulk of the 
mixture is ſo much leſs than the ſum 
of the bulks of the two component 
parts, it might be expected that the 
compound metal would poſſeſs pro- 
perties, not merely intermediate be- 
tween thoſe of copper and tin, but 
eſſentially different from them both. 
And accordingly we find, that this 
mixture is not only more brittle, 
more hard, and more ſonorous, than 
either copper or tin; but it is more 
denſe alſo than either of them; a 
cubic. 


( 135 


cubic foot of it weighing, not only 


more than a cubic foot of tin, but 
than a cubic foot of copper itſelf. 
Pot-metal is made of copper and 


lead, the lead being one fourth or 


one fifth the weight of the copper. 
InPliny's time pot-metal(ollaria lem- 


peratura) was made of a pound and 
a half or two pounds of lead, and 


an equal portion of tin, mixed with 


100 parts of copper. Copper and 


lead ſeem not to be combined toge- 


ther in the ſame way that copper and 


tin are; for when pot- metal ĩs expoſed 


to a melting heat, the lead is firſt 


fuſed, and ſhews itſelf in little drops f 


over the ſurface of the pot- metal, 
whilſt the copper remains unfuſed. 


It is reported of James II. that he 
melted down and coined all the braſs 
Sons in Ireland, and afterwards pro- 
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( 1 + 
ceeded to coin the pewter with this 
inſcription—Melioris tefera fati.— 
TheCongreſs in America had recourſe 
to the ſame expedient; they coined 
ſeveral pieces of about an inch and 
half in diameter, and of 240 grains 
in weight; on one fide of which was 
inſcribed in a circular.ring near the 
edge—Continental Currency, 1776, 


and within the ring a rifing fun, with 


—fſugio—at the fide of it, ſhining 
upon a dial, under which was Mind 
your buſineſs On the reverſe were 
thirteen ſmall circles joined together 
like the rings of a chain, on each of 
which was inſcribed the name of ſome 
one of the thirteen ſtates; on an- 
other circular ring, within theſe, was 
inſcribed--American Congreſs, and in 
the central ſpace—We are one.—I 
have been particular in the mention 


zz > 
of this piece of money, becauſe, like 
the leaden money which was ſtruck 
at Vienna,when that city was beſieged 
by the Turks in 1529, it will ſoon 
become a great curiofity. I eſti- 
mated the weight of a cubic foot of 
this continental currency ; it was. 
equal to 7440 ounces : this exceeds 
the weight of a cubic foot of our beſt 
fort of pewter, and falls ſhort of that 
of our worſt : I conjecture that the 
metal of the continental currency 
conſiſted of 12 parts of tin and of 1 
of lead. Plautus*, and other Roman 
authors, make mention of leaden 
money; ſome are of opinion that we | 
ought to underſtand by that expreſ- 


 ® Tace fis, faber qui cudere ſoles plum- 
beos nummos. Plau. Moſ. A. IV. S. II. L. 

XL. et Caſin. A. II. S. III. L. XL. et Mart. 

L. X. E. LXXIV. 

"a 


E 
ſion, copper mixed with lead; but that 
cannot be the meaning. if it be true, 
that the Romans did not mix lead 
with their copper currency till the 
age of Septimius Severus, for Plau- 
tus lived many years before that em- 
peror. I will not enter into the con- 
troverſy: and I have introduced this 
obſervation relative to the leaden 
money of the Romans, merely to ſhew 
the correſpondence which ſome of 
the Roman copper medals bore to 
our pot- metal; for thoſe which were 
ſtruck after the age of Septimius Seve- 
rus, being expoſed to a proper de- 
gree of heat, ſweat out drops of lead, 
as it has been remarked” our pot- 
metal does; but medals of greater 
antiquity have no ſuch property *. 

| | The 
Illi enim qui ſtudii hujus amore tenentur, 
cum monetam æream ante Septimium Seve- 
rum 


ET. JG 

The ſex have in all ages uſed ſome 
contrivance or other to enable them 
to ſet off their dreſs to the beſt advan- 
tage; and the men were probably 
never without their attention to that 
point. We find Juvenal“ ſatirizing 
theemperor Oths for making a /pecu- 
lum part of his camp equipage. _ 
Res memoranda novis annalibus, atque re- 


centi a : 
Hiſtoria, ſpeculum civilis ſarcina belli. 


Homer, in deſcribing Juno at her toi- 
let, makes no mention of a ſpecu- 


rum cuſam igne probent, nihil plumb inde 

ſecerni deprehendunt. Aliter autem compa- 

rata ſunt numiſmata poſt ætatem Severi cuſa, 

quippe ex quibus guttulæ quædam plumbi, 
vel modico ignis calore diverſis in locis ex- 

primuntur. Savot de Num. Ant. P. II. C. I. 
Theſe pot- metal medals were probablycaſ. 

* Sat. II. 1. 102. OD | 

+ II. L. XIV. I. 170. | 

| lum; 


( 149 ) 
lum; but in Cal!limachus* we ſee, 
though it ſuited not the majeſty of 
Juno, nor the wiſdom of Pallas, to 
uſe a ſpeculum before they exhibited 
their perſons to Paris, who was to 
determine the prize of beauty ; that 
Venus, on the ſame occaſion, had fre- 
quent recourſe toone, before ſhe could 
adjuſt her locks to her own fatisfac- 
tion. The moſt ancient account we 
have of the uſe of ſpecula 1s that in 
Exodus xxxviu. 8. © And he made 
the layer of braſs [copper, or a mix- 
ture of copper and tin], and the foot 
of it of braſs of the looking-glaſſts of 
the women.“ The Engliſh reader may 
wonder how a veſſel of bras could be 
made out of look ing- glaſſes; the He- 
brew word might properly be ren- 
dered by ſpecula, or metallic mirrors. 
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The Jeroiſi women were, probably, 


preſented with theſe mirrors, as they 


were with other articles of value by 


their Egyptian neighbours, when they 

left the country; for it was the cuſ- 
tom of the Egyptians, when they 
went to their temples, to carry a mir- 
ror in their left hand“: it is remark - 


able, that the Peruvians, who had ſo 


many cuſtoms in common with the 
Egyptians, were very fond alſo of 
mirrors; which they ordinarily form- 
ed of a fort of lava that bore a fine 
poliſh. 

Pliny+ ſays, that the beſt x ſvecula 
were anciently made at Brundufium 
of copper and tin; that Praæiteles, in 
the time of Pompey the Great, was the 
firſt who made one of ſilver, but that 

* Cyril de Ado. 

+ Hitt, Nat. L. XXXIII. S. XLV. 
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1 
ſilver ones were in his time become 
ſo common, that they were uſed even 
by the maid-fervants. The metal- 
lic mixture of tin and copper was 
known long before the age of Pliny; 
it is mentioned by Ariſtotle*, inci- 
dentally, when he is deſcribing a me- 
thod of rendering copper white, but 
not by tin; and from it's great uti- 
lity, it will probably never fall into 
diſuſe. We have ceaſed, indeed, 
ſince the introduction of glaſs nur- 
rors, to uſe it in the way the an- 
cients did; but it is ſtill of great uſe 
amongſt us, ſince the ſpecula of re- 
flecting teleſcopes are commonly 
made of it. Mr. Mudge has aſcertain- 
ed / not only the beſt proportion 
m which the copper and tin ſhould 


De Mirab. „„ 
Philoſ. Tranſ. 1777. p. 296. 


be 


| ( 143 7) 
be mixed together, but has found out 
alſo a method of caſting the ſpecula 
without pores. He obſerves, that 
the perfection of the metal, of which 
tbe ſpeculum ſhould be made, con- 
ſiſts in it's hardneſs, whiteneſs, and 
compact neſs. When the quantity of 


tin is a third of the whole compoſi-. 
ſition, the metal then has it's utmoſt 


whiteneſs; but it is at the ſame time 
rendered ſo hard that it cannot be 
poliſhed without having it's ſurface 


ſplintered and broke up: Aﬀter ma- 
ny experiments, he at length found 
that fourteen ounces and one half of 


grain- tin“, and two pounds of cop- 


per, 
* Grain-tin is worth ten or twelve ſnil - 
lings per hundred more than mine tin, be- 


cauſe it is ſmelted from a pure mineral by a 


charcoal fire ; whereas mine-tin is uſually cor- 
rupted with ſome portion of mundick, and 


other 


„ 
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a per, made the beſt compoſition 3 an 
addition of half an ounce more tin 
rendered the compoſition too hard to 
be properly poliſhed. The caſting 
the metal ſo as that it may be com- 
pact and without pores, is a matter 
of the greateſt conſequence; he hit 
upon the manner of doing it by ac- 

cident. His uſual way of caſting a 
ſpeculum metal, was to melt the cop- 
per and to add the tin to the melted 

copper: the maſs when caſt was ſel - 
dom free from pores. After having 
uſed all his copper in trying experi- 
ments to remedy this defect, he re- 
other minerals, and is always ſmelted with a 
bituminous fire, which communicates a harſh 
ſulphureous, injurious quality to the metal.” 
Price, Min. Cornu. p. 137.—Mͤr. Mudge 
probably uſed what is called grain-tin in the 
ſhops, or the pureſt ſort, which is uſually 
ſold in pieces like icicles. 


colle cted 


% 


( 
collected that he had ſome metal 


which had been reſerved, when one 


of the bells of St. Andrew had been 
re- caſt: he added a little freſh tin to 
it, and caſting a metal with it, it 
turned out free from pores, and in all 
reſpects as fine a metal as he ever 
ſaw. Upon conſidering this circum- 
ſtance, he proceeded to form a me- 
tallic maſs in the uſual way, by add- 
ing tin to melted copper; this maſs 
was porous; it was in the ſtate of the 


bell · metal he had tried, and upon re- 


elting it, it- became, as the bell- 
metal had done, compact and free 
from pores. He accounts for this 
difference by obſerving, that the heat 
neceflary to melt copper, calcines 
part of the tin ; and the earthy cal- 


cinedparticles of the tin, being mix- 


ed in the maſs of the metal, render it 
VOL IV. * porous; 
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porous; but the compoſition of tin 
and copper, melting with leſs than 
balf the heat requiſite to melt the 
copper, the tin is not liable to be 
calcined in the ſecond melting, as 
in the firſt. Tam rather diſpoſed to 
think, that the abſence of the pores 
3s to be attributed to the more per- 
Fect fafion of the metal: for IJ have 
obſerved at Sheffield, that the ſame 
weight of melted ſteel will fill the 
ſame mould to a greater or leſs height, 
according to the degree of fuſion the 
ſteel has been in; if it has been in a 
ſtrong heat and thin fuſion, the bar 
of caſt ſteel will be an inch in 36 
ſhorter than when the fuſion had been 
leſs perfect. Upon breaking one of 
the bars, which had been made from 
ſteel in an an imperfect fuſion, it's 
infide was full of blebs; a ſhorter 

| bar 


E 

bar of the ſame weight and diame- 
ter, which had been in a thin fuſion, 
Was of a cloſer texture. Now the 
mixture of tin and copper melts far 
eaſier than copper does, and is likely, 
on that account, to be in a thinner 
fuſion when it is caſt. 

It may deſerve to be cena 
and I ſhall have no other opportu- 


nity of doing it, that the melting or 
caſting of ſteel was introduced at 


Sheffield, about forty 1 years ago, by 
one PValler from London, and was 
afterwards much practiſed by one 
Huntſman, from whom ſteel ſo pre- 
pared, acquired the name of Hunt l- 
man's caſt cel. It was at firſt fold 
for fourteen pence, but may now be 
had for ten pence a pound ; it coſt 
three pence a pound in being melt- 
ed, and for drawing ingots of caſt 


2: ſteel 
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Reel into bars of the ſize of razors, 
they pay only 6x ſhillings for a hun- 
dred weight, and ten ſhillings for the 
fame quantity when they make the 
bars into a ſize fit for ſmall files, 
&c. The caſt ſteel will not bear 
more than a red heat; in a welding 
heat it runs away under the hammer _ 
like ſand, Before the art of caſting 
Reel was introduced at Sheffield, all 
the caſt ſteel uſed in the kingdom 
vas brought from Germany; the 
bpuſineſs is carried on at Slieffield 
with greater advantage than at moſt 
other places, for their manufactures 
furniſh them with great abundance 
of broken tools; and theſe bits of old 
Reel they purchaſe at a penny a 
pound, and melt them, and on that 
account they can afford their caſt 
1 Ree! cheaper than where it is made 
altogether from freſh bars of ſteel. 
1 


ESSAY IV. 
Oo Tinning Copper — Tin Pęrpier. 


NHAPPILY for mankind, the 
fatal accidents attending the 
uſe of copper veſſels, in the prepara» 
tion of food and phyſie, are too com- 
mon, and topwellatteſted to require 
à particular enumeration or proof: 
ſcarce a year paſſes, but we hear of 
ſome of them, elpecially in foreign 
countries; and many ſlighter mala- 
dies, originating from the ſame 
| * ſource, 
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ſource, daily eſcape obſervation, or 
are referred to other cauſes, in our 


Own. 


In conſequence of ſome repreſen- 


tations from the College of Health, 


the uſe of copper veſſels in the flects 
and armies of Stoeden was aboliſhed 
in the year 1754; and tinned iron 
was ordered tobe ſubſtituted in their 
ſtead*®. The Swediſh government 


deſerves the greater commendation 


for this proceeding, as they have 


great plenty of excellent copper in 
the mines of that country, but no 
tin. An intelligent ſurgeon ſug- 
geſted, in 1757, the probability of 


the uſe of copper veſſels in the navy, 


being one of the cauſes of the ſea 
ſcurvy, and recommended the hav- 


,*. Mem. de PAcad. de Pruſſe, par M. 
Paul. Vol. IV. Dif, rel. p. 6(3. 


(151 
ing them changed ſor veſſels of iron; 
he remarked, that of the 200 fail of 


ſhips, which went to fea from Scar- 
| borough, moſt of them uſed iron 


pots for boiling their victuals, and 


that the ſymptoms called highly 
ſeorbutic, were never ſeen, except in 


ſome few of the larger ſhips in which 
copper veſſels were uled*. Notwith- 


landing this hint, and the example 


— 


of Sweden, I do not know that any 
other European ſtate has prohibited 
the -uſe of copper veſſels for the 
dreſſing of food on board their ſhips; 
but many of them have ſhewn a 


laudable attention to prevent it's ma- 


lignity, by inquiring into the beſt 


manner of covering it's ſurface with 


ſome metallic ſubſtance, leſs noxious, 


Medical Obſerv. by a ny of Phyſ. 
n Lond, Vol, II. p. 1. 


K 4 or 


( 152 ) 
or leſs Table to be diſſolved than it. 
felf. This operation is uſually called 
linning, becauſe tin is the principal 
ingredient in the metallie mixture, 
which is made uſe of for that pur- 
poſe; and, indeed, ſince the year 
1755, It has been frequently, in this 
country at leaſt, uſed alone. In that 
year, TheSocicty for the Encourage- 
ment of Arts, M. anufactures and 
Commerce, thought it an object de- 
ſerving their attention, to offer a. 
premium for the tinning copper and 
braſs veſſels with pure tin, without 
lead or any other alloy. There were 
ſeveral candidates for the premium z. 
and fince that time, the tinning 
with pure tin, and hammering it 
upon the. copper, has become very 
general in England. But this mode 
of tinning does not appear to have 
been known, or at leaſt it does not 
ap- 


E 
appear to have been adopted inother 


countries; for in the Memoirs of the 


Royal Academy at Brafels, for the 
year 1780, M. P Abbe Marci recom- 
mends, as a new practice, the tin- 
ning with pure block-tin from Eng- 
land; though, he ſays, bleck-tin is 


a compound body, even as it is im- 


ported from England; but he thinks 


it a much ſafer covering for copper 


than what is ordinarily uſed by the 
braziers; and he gives ſome direc- 
tions as to the manner of perform- 
ing the operation. The Lieutenunt- 


_ General of the Police at Paris, gave 


it in commiſſion to the College of 
Pharmacy, in 1781, to make all the 
experiments which might be neceſ- 
fary for determining whether pure 
tin might or might not be uſed for 
domeſtic purpoſes, without danger 

| to 
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to health ? The reſearches which 
were made, in conſequence of this 
commiſſion, by Meſſieurs Charland 
and Bayne, with great ability, were 
publiſhed by order of the French go- 
vernment; and they have greatly 
contributed;to leſſen the apprehen- 
ſions relative to the uſe of tin, which 
had been generally excited by the ex- 
periments of Marggref, publiſhed 
firſt in the Berlin Memoirs for 1747. 


That gentleman, in purſuing an ex- 


periment of /Tenckel,who firſt diſco- 
vered arſenic in tin, ſhewed, that 
though there was a ſort of tin which 
being fluxed from an ore of a parti- 
cular kind, contained no arſenic, 
the Eaſt India tin, which is gene- 
rally eſteemed the pureſt of all others, 
contained a great deal of arſenic. 
AT. Boſc a* Antic, in his works, which 

1 3 were 


( 7: 
were publiſhed at Paris, 1780, ſets 
aſide the authority of Marggraf, 
Cramer, and Hellot, relative to the 
exiſtence of arſenic in tin; and is not 
only of opinion, that the Con tin 
does not conceal any arſenic in it's 
ſubſtance, but that it's uſe as kitchen 
furniture is not dangerous. Meſſieurs 
Charland and Bayen found that nei- 
ther Eaſt India, nor the the. pureſt 
ſort of Engliſh tin, contained any 
arſenic ; but that the Engliſh tin, 
uſually met with in commerce, did 
contain arſenic; though 1n ſo ſmall 
a proportion that it did not amount, 
in that ſpecies of tin which contain- 
ed the moſt of it, to more than one 
grain in an ounce; that is, it did not 
conſtitute more than one five hun- 
dredth and ſeventy- ſixth part of the 
weight of the tin, there being 575 
grains in a French ounce. This pro- 

portion 


RS. 8 
portion of arſenic is ſo wholly incon- 
fiderable, that it is very properly 
concluded that the internal uſe of 
ſuch ſmall portions of tin, as can 
mix themſelves with our food, from 
being prepared in tinned veſſels, can 
be in no ſenſible degree dangerous 
on account of the arſenic which the 
tin may contain. But though tin 
may not be noxious, on account of 
the arſenic which it holds, it ſtill 


5 remains to be decided, whether it 


may not be poiſonous of itſelf, as 
lead is univerſally allowed to be, 
when taken into the ſtomach. The 
large quantities of tin, which are 
ſometimes given in medicine with 
much ſafety,” and the conſtant uſe 
which our anceſtors made of 1t in. 
plates and diſhes, before the intro- 
duction of china or other earthen. 
ware, 
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ware, without experiencingany miſ- 
chief, render all other proof of the 
1nnocent nature of pure tin ſuper- 
fluous. And hence it may be pro- 
per to add a few obſervations con- 
cerning the purity of tin. 

The ores of metallic ſubſtances 
often contain more {ſubſtances than 
that particular one,from which they 
receive their denomination. M. Eller, 
-of Berlin, had in his collection an 
ore, which contained gold, and lver, | 
and iron, and gurickfilver, cloſely 
united together in the ſame maſs. 

Lead ore, it has been remarked, ſo 
often contains ſilver, that it is ſel- 
dom found without it; it is often 

alſomixed wit ha ſulphureous pyrites, 
which is a fort of iron ore, and with 
black jack, which is an ore of zinc iſo 
that 1 and Alber, and i iron, and 


3 ö | ZINC, 
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1 
ZINC, are commonly enough to be 
met with in the ſame lump of lead 
ore. Tin ore, in like manner, though 
it 1s ſometimes unmixed, is often 

otherwiſe ; it frequently contains 
both tin, and iron, and copper. The 
fire, with which tin ore is ſmelted, is 
{ufficiently ſtrong to ſmelt the ores 
of the other metals which are mixed 
with it; and hence the reader may 
underſtand, that, without any frau- 
dulent proceedingin the tin ſmelter, 

there may be a variety in the purity 
of tin, which is expoſed to fale in 
he ſame country; and this variety is 
ſtill more likely to take place, in 
{ſpecimens of tin from different 
countries, as from the Laſt In- 
dies, from England, and from Ger- 
many. This natural variety in 
the purity of tin, though ſuffi- 
ciently 
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ciently diſcernible, is far leſs than 
that which 1s fraudulently intro- 
duced. Tin is above five times as 
dear as lead ; and as a mixture con- 
fiſting of a large portion of tin with 
a {mall one of lead, cannot eaſily be 
diſtinguiſhed from a maſs of pure 
tin, the temptation to adulterate tin 
is great, and the fear of detection 
ſmall. In Cornroall, the purity of tin 
is aſcertained, before it is expoſed to 
ſale, by what is called it's coinage : 
the tin, when ſmelted from the ore, 
is poured into quadrang ular moulds 
of ſtone, containing about 3201bs. 
weight of metal, which, when hard- 
encd, is called a block of tin; each 
block of tin is coined in the follow- 
ing manner: - The officers appoint- 
ed by the Duke of Cornwall, aſſay it, 
by taking off a piece of one of the 
under 


( 160 } 
under corners of the block, partly 


oy cutting, and partly by breaking; 


and if well purified, they ſtamp the 
face of the block with the impreſſion 
of 'the ſeal of the Duchy, which 
ſtampis a permiſſion for the owner to 
1etl, and at the ſame time an aſſurance 
that the tin ſo marked has been pur- 
polely examined, and found mer- 
Chantable*.” This rude mode of aſ 
ſay is not wholly improper; for if 
the tin be mixed with lead, the lead 
Will by its ſuperior weight fink to 
the bottom, and thus be liable to be 
diſcovered, when thebottom corner 
of the block is examined. But though 
the ſeal of the Duchy may be ſome 
ſecurity to the original purchaſers of 
block tin, it can be none at all to 


thoſe foreigners who purchaſe our tin 


* Borlaſe's Nat, Hiſt, of Cornw. p. 183. 
from 


9. 
from Holland; for, if we may believe 
an author of great note in Hol- 
land every tin founder has Engliſh 
ſtamps, and whatever his tin be, the 
inſcription; block tin, makes it paſs. 
for Engliſh*.” This foreign adul- 
teration of Engliſh tin may be the 
reaſon that Mufſethenbroeck, who was 
many years profeſſor of natural phi- 
loſophy at Utrecht, puts the ſpecific 
gravity of what he calls pure tn 
equal to 7320, but that of Engliſh 
tin, and he has been followed by 
OO * to 7471+; for it 

will 


* Nevmün s Chem. by Lewis, p. 89. 


+ Muſſchen. Ef. de Phyſ. 17 39. French 
Tranſ. Wallerii Min. Vol. I. F. 8 
There is a very good Table of Specific Gra- 
vities, publiſhed in the ſecond volume of 
Muſſchenbroeck's Introductio ad F hilofophian 
Naturalem, 1763, in which the author does 


VOL. IV. 


L more 


4 ) 
will appear preſently, that ſuch fort 
of tin muſt have contained near one 
tenth of its weight of lead. 
Weight of a cubic foot of Engliſh 
tin, according to different authors. 


Cotes, Ferguſon, Emerſon 7320 oz. avoir. 
Boerhaave's Chem. by Shaw 7321 
Muſſchenbroeck & Wallerius 7471 
Martin - * ” 7330 


From the following experiments it 
may appear probable, that not one of 
theſe authors, in eſtimating the ſpe- 
cific gravity of tin, has uſed the 
pureſt ſort, but rather a mixture of 
that with lead, or ſome other metal. 


more juſtice to Engliſh tin, putting the 
weight of acubic foot ofthe pure ſort equal 
to 7295 avoir. oun. One. ſpecimen of the 
pureſt tort of Malacca tin gave 7331,and an- 
other 6125 ounces a cubic foot, which is the 
lighteſt of all the tins which he examined. 


A block 


. 8 
A block of tin, when it is heated 
till it is near melting, or after being 
melted, and before it becomes quite 
fixed, is ſo brittle that it may be 
ſhattered into a great many long 
pieces like icicles, by a ſmart blow 
of an hammer *: tin in this form is 
called by our own ͤ manufacturers 
grain tin, by foreigners virgin tin, or 
tears of tin; and they tell us, thatit's 
exportation from Britain is prohibit- 
ed under paih_of death+. The tin 


which 


This property is not peculiar to tin; 1 
have ſeen maſſes of lead which, under ſimilar 
circumſtances, exhibited ſimilar appear- 
ances; and it has been obſerved, that zinc, 
when heated till it is juft ready to be fuſed, 
is brittle, 


+ Ency. Fran. and NMI. Paumé calls it 
Etain en zoche, à cauſe que ſa forme reflembie 
LI a des 
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which I uſed in the following expe- 
riments, was of this ſort, but I firſt. 
melted it, and let it cool gradually; 
a circumſtance, I ſuſpect, of ſome 
conſequence in determining the ſpe- 
cific gravity not only of tin, but of 
other metals. I have put down in 
the following table, the ſpecific gra- 
vity of this tin, and of the lead I 
mixed with it by fuſion, and of the 
ſeveral mixtures when quite cold; 
the water in which they were weigh- 
ed was 60. 

a des ſtalactites; he ſays alſo, that it's expor- 
tation is prohibited, but that he does not ſee 
the reaſon for the prohibition, as it is not 
more pure than Corniſh tin; and in this ob- 
ſervation he is right; it is nothing but Cor- 
niſh tin in a particular form. Chym. par 
M. Baume, Vol. III. p. 422. 


Weight 
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Weight of a cubic foot & lead, 
tin, &c. 
Lead - = 11270 Oz. avoir. 
In. - XX 
Tin 32 parts, lead [—7321 
Tin 16 — lead 1—7438 
Tin 10 — lead 1—7492 
Tin 8 — lead 1—7560 
Tin 5 — lead 17645 
Tin 3 — lead 1—7940_ 
Tin 2 — lead 1—8160 
Tin. 1 — lead 1—8817 

Blocks of tin are often melted by 
the pewterers into ſmall rods; I 
think the rods are not ſo pure as 
the grain tin; at leaſt, I found that 
a cubic foot of the ſpecimen I ex- 
amined, weighed: 7246 ounces: but 
even this fort exceeds in purity any 
of the kinds examined by the authors 
L 3 above 


4+ 


( | 
above mentioned. Chemiſtry affords 
certain methods of diſcovering the 
quantity of lead with which tin is 
lloyed, but theſe methods are often 
troubleſome in the application ; an 
enlarged table, of the kind of which 
I have here given a ſpecimen, will 
enable us to judge with ſufficient pre- 
ciſion of the quantity of lead con- 
tained in any mixture of tin and lead, 
of which we know the ſpecific gra- 
vity. Pewterers, however, and other 
dealers in tin, uſe not ſo accurate a 
method of judging ofit's purity, but 
one founded on the ſame principle; 
for the ſpecifie gravities of bodies 
being nothing but the weights of 
equal bulks of them, they caſt a bul- 
let of pure tin, and another of the 
mixture of tin and lead, which they 
want to examine, in the ſame mould; 
| and 


, 


„ 

and tne more the bullet of the mix- 
ture exceeds the bullet of pure tin in 
weight, the more lead they conclude 
it contains. „„ 

Peter is a mixed metal; it con- 
ſiſts of tin united to ſmall portions of 
other metallic ſubſtances, ſuch as 
lead, zinc, biſmuth, and the metallic 
part, commonly called regulus of an- 
timony. We have three ſorts of pew- 
ter in common uſe; they are diſtin- 
guiſhed by the names of plate 
trie le . The plate pewter is 
uſed for plates and diſhes; the trifle, 


\ 


_ chiefly forpints and quarts ; and the 
ley-metal for wine meaſures, &c. 


Our very beſt ſort of pewter is ſaid 

to confiſt of 100 parts of tin, and of 

17 of regulus of antimony*®, though 

others allow only 10 parts of regulus 
* Med. Tranſ. Vol. I. p. 286. 
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to 100 of tin *; to this compoſition 
the French add a little copper. 
Crude antimony, which conſiſts of 
nearly equal port ions of ſulphunand 
of a metallic ſubſtance, may be 
taken inwardly with great ſafety ; 
but the metallic part, or regulus, 
when ſeparated from the ſulphur, is 
heldto be very poiſonous. Vet plate 
pewter may be a very innocent metal, 
the tin may leſſen or annihilate the 
noxious qualities of the metallic part 
of the antimony. We have an in- 
ſtance ſomewhat ſimilar to this in 
ſtandard ſilver, the uſe of which has 
never been eſteemed unwholeſome, 
notwithſtanding it contains near one 
twelfth of its weight of copper. 
Though ſtandard ſilver has always 
been confidered as a ſafe metal, when 


Pemb. Chem. p. 322. ä 
uſed 


( 169 ) 
uſed for culinary purpoſes ; yet it is 
not altogether ſo, the copper it con- 
tains is liable to be corroded by ſa- 
line ſubſtances into verdigris. This 
is frequently ſeen, when common 
ſalt is ſuffered to ſtay a few days 
in ſilver ſalt-cellars, which have not 
a gold gilding ; and even ſaline 
draughts, made with volatile ſalt 
and juice of lemons, have been ob- 
ſerved to corrode a ſilver tea {poon, 
which had been left a week in the . 
mixture. 
The weight of a 5 foot of each 
of theſe ſorts of pewter is, 
Plate 7248 
Trifle— 7359 
% 
If the plate pewter be compoſed of 
tin and regulus of antimony, there is 


no reaſon to expect, that a cubic foot 
| "= 


E 
of it ſhould be heavier than it ap- 
pears to be; ſince regulus of anti- 
mony, according to the different 
ways in which it is made, is heavier 
or lighter than pure tin. A very fine 
filver-looking metal 1s ſaid to be 
compoſed of 100 pounds of .tin, 8 
of regulus of antimony, 1 of biſ- 
muth, and 4 of copper. The ley 
pewter, if we may judge of it's com- 
Poſition by comparing it's weight 
with the weights of the mixtures of 
tin and lead, mentioned in the table, 
contains not ſo much as a third, but 
more than a fifth part of it's weight 
of lead ; this quantity of lead is far 
too much, conſidering one of the 
uſes to which this ſort of pewter is 
applied ; for acid wines will readily 
corrode the lead of the flagons, in 
which they are meaſured, into fugar 
| of 


(17% 4 

of lead; this danger is not ſo great 
with us, where wine is ſeldom ſold 
by the meaſure, as it is in other coun- 
tries where it is generally ſold fo, and 
their wine meaſures contain, proba- 
bly, more lead than our's do, Our 
Engliſh pewterers have at all times 
made a myſtery of their art; and 
their caution was formerly fo much 
encouraged by the legiſlature, that 
an act of parliament was paſſed, ren- 
dering it unlawful for any maſter 
pewterer to take an apprentice, or to 
_ employ a journeyman who was a fo- 
reigner. In the preſent improved 
ſtate of chemiſtry, this caution is 
uſeleſs ; ſince any one tolerably ſkil- 
led in that ſcience, would be abie to 
diſcover the quality and quantity of 
the metallic ſubſtances, uſed in any 
particular ſort of pewter ; and it is 

| : not 
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not only uſeleſs now, but one would 
have thought it muſt have been al- 
ways ſo; whilſt tin, the principal in- 
gredient, was found in no part of 
Europe in fo pure a ſtate, nor in ſo 
great plenty as in England. 

Borlaſe and Pryce, who have writ- 
ten ſo minutely on the method of 
preparing the tin in Cornwall, are 
both of them ſilent, as to any opera- 
tion the tin undergoes ſubſequent to 
it's coinage ; nor do they ſay any 
thing of it's being mixed with other 
metallic ſubſtances previous to it's 
coinage; but aſſure us, that the tin, 
as it flows from the ore, is laded into 
troughs, each of which contains about 
three hundred pounds weight of me- 
tal, called ſlabs, blocks, or pieces of 
tin, in which ze and form it is {old in 

every market in Europe. F oreigners, 
3 | how- 
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( ws ) 
however, in general aſſert, that our 
tin as exported is a mixed metal; 

and the French. Encyclopediſis in- 
particular article &fain) inform us, on 

the authority of Mr. Rowelle, that 
the virgin tin is again melted and 
caſt into iron moulds of half a foot in 
thickneſs ; that the metal is cooled 

very ſlowly ; that when cold it is di- 
vided horizontally into three layers; 

that the uppermoſt, being very ſoft 
pure tin, is afterwards mixed with 
copper, in the proportion of 3 pounds 

of copper to 100 of tin; that the ſe- 
cond layer, being of a harſher na- 
ture, has 5 pounds of lead added to 
100 of the tin; and that the loweſt 
layer is mixed with 9 pounds of lead 
to an hundred of the tin ; the whole 
is then re-melted, and cooled quick- 
ly; and this, they ſay, is the ordinary 
tin 


. ; 

_ 

3 

. 1 
LT» 
| | 
* 

1 
| 
= 
T Bi 

- 
= 


. 


.. | 
tin of England: and Geoffroy had 


formerly given much the ſame ac- 


count“. There js, probably, no 
other foundation for this report, but 
that pewter has been miſtaken for 
tin, theſe metals being ſometimes 
called by the ſame name; and fine 
pewter being ſometimes made from a 
mixture of 1 part of copper with 20 
or 30 parts of tin. 

The mixture generally uſed for the 


faſores aperto furni oſtiolo, metal- 


lum in formas quaſdam ex arena paratas dif- 


fluere ſinunt, ibique in maſſas grandiores | 
concreicit. Superior ſtanneæ maſſe pars 
adeo mollis eſt et flexilis, ut ſola elaborari ne- 
queat fine cupri miſcela, trium ſcilicet libra- 
rum ſuper ſtanni libras centum. Maſſæ pars 
media binas tantum cupri libras reci pit. In- 
fima vero adeo fragilis eſt et intractabilis, ut 
cum hujus metalli centum libris plumbi li bras 
octodecim conſociare oporteat. Geoff. Mat. 


Med. Vol. I. p. 282. 


tin- 


( 
tinning of copper veſſels, conſiſts of 
3 pounds of lead, and of 5 pounds 
of pewter ; when a finer compoſition 
is required, ten parts of lead are 
mixed with ſixteen of tin: or one 
part of lead with two of tin: but the 
proportions in which lead and tin 
are mixed together, even for the ſame, 
kind of work, are not every where 
the ſame; different artiſts having 
different cuſtoms. Veſſels tinned 
with pure tin, or with the beſt kind 
of pewter, which contains no lead, 
do not ſtain the fingers when rubbed 
with them: whilſt thoſe which are 
tinned with a compoſition, into 
which lead enters as a conſtituent 
part, colour the fingers with a 


blackiſh tinge. 


Zinc was long ago recommended 
for the tinning of copper veſſels, in 
pre- 
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preference both to the mixture of tin 
and lead, and to pure tin“: and zinc 
certainly has the advantage of being 
harder than tin, and of bearing a 
greater degree of heat before it will 
be melted from the ſurface of the 
copper; ſo that on both theſe ac- 
counts it would, when applied on 
the ſurface of copper, laſt longer 
than tin; juſt as tin, for the ſame 
reaſons, laſts longer than a mixture 
of tin and lead. But whether zinc 
makes any part of the compound 
metal for tinning copper, ſo as to 
prevent the neceſſity of repeated tin- 
ning, for which a patent was granted 


ſome years ago, is what I cannot af- 


firm. Whatever may be the excel- 
lence of that compoſition, or of any 


other compoſition, which may be in- 


* Mem. de Acad, des Scien. à Par. 1742. 
. | vented 


N % 
vented with reſpect to it's durability, 
and it's not contracting ruſt ; {till it 
ought not to be admitted into gene- 
ral uſe, till it has been proved, that 
it is not ſoluble in vegetable acids, 
or that it's ſolutions are not noxious *. 
A method has of late years been in- 
troduced at Rouen, of applying a coat 
of zinc upon hammered iron ſauce- 
pans. The veſſels are firſt made very 
bright, ſo that not a black ſpeck 
can be ſeen; they are then rubbed 
with a folution of ſal ammoniac, and 

This doubt with reſpect to zinc is faid 
to have been removed. — M. de la Planche, 
a phyſician at Paris, tried the experiment on 
himſelf: he took the ſalts of zinc, formed by 
the vegetable acids, in a much ſtrongerdoſe 
than the aliments prepared in copper veſſels, 
lined with zinc, could have contained, and 


he felt no dangerous effects from them. 
Fourcroy's Chem. Vol. I. p. 442. 


vor. Iv. . after- 
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afterwards dipped into an iron pot 
full of melted zinc, and being taken 
out, the zinc is found to cover the 
furface of the iron ; and if a thicker 
coat of zinc iswanted, it may be ob- 
tained by dipping the veſſel a ſecond 
time. This kind of covering is fo 
hard, that the veſſels may be ſcoured 
with ſand without it's being rubbed 
off. Kitchen utenſils, which are 
made of caſt iron, are uſually tinned 
to prevent the iron's ruſting ; and, 
as great improvements have been 
lately made in rendering caſt iron 

malleable, it is not unlikely, but 
that tinned iron veſſels may become 
of general uſe. : 
The common method of tinning 
con ſiſts in making the ſurface of the 
copper veſſel quite bright, by ſcrap- 
Journ. de Phy. Decem. 1778. 
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ing it, and by waſhing it with a ſolu- 
tion of ſal ammoniac; it is then heat- 
ed, and the tin, or metallic mixture 


deſigned for tinning, is melted, and 


poured into 1t, and being made 
quickly to flow over every part of 
the ſurface of the veſſel, it incorpo- 


rates with the copper, and, when 


cold, remains united with it. Rofin 
or pitch is ſometimes uſed, to pre- 
vent the tin from being calcined, and 
the copper from being ſcaled, either 
of which circumſtances would hin- 
der the ſticking or the tin. 
I had the curioſity to eſtimate the 
quantity of pure tin, which is uſed 
in tinning a definite ſurface of cop- 
per. The veſſel was accurately 


weighed before and after it was tin- 


ned, it's ſurface was equal to 254 
ſquare inches; it's weight, before it 
M 2 Was 
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was tinned, was 46 ounces, and it's 
weight, after the operation, was 
barely 464 ounces: ſo that half an 
ounce of tin was ſpread over 254 
ſquare inches, or ſomewhat leſs than 
a grain of tin upon each ſquare inch. 
How innocent ſoever pure tin may 
be, yet the tenuity of the coat of it, 
by which copper veſſels are covered, 
in the ordinary way of tinning, can- 
not fail to excite the ſerious appre- 
henſions of thoſe who conſider it; 
for in the experiment which I have 
mentioned, the tin was laid on with 
a thicker coat than in the common 
way; inſtead of a grain, I ſuſpect 
that not a quarter of a grain of tin 1s 
ſpread over aſquare inchin the com- 
mon way of tinning. Adiſcovery has 
been lately made at Paris of a method 
of giving to copper or iron a coat of 

any 


(( 

any required thickneſs, by tinning 
them; the compoſition uſed for the 
tinning is not mentioned; but it is 
ſaid that a piece of copper, which in 
the common way of tinning only 
abſorbed 21 grains of tin, abſorbed 
of the new compoſition 432 grains, 
or above twenty times as much“. 
Till this diſcovery is generally known, 

our workmen ſhould ſtudy to cover 

the copper with as thick a coat as 

they are able of pure tin. The dan- 
ger from the corrofion or ſolution of 

the tin by vinegar, juice of lemons, 
or other vegetable acids, if any at 

all, cannot, it is apprehended, be 
ſenſibly felt, except in very irritable 
habits, or where ſour broths, ſauces, 7 
or ſyrups, are ſuffered to ſtand long 2408 
in tinned veſſels before they are uſed. =_ 

* DEſprit des Journaux, Mai, 1785. 
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And, indeed, a proper attention to 
keeping the veſſels clean, might ren- 
der the uſe of copper itſelf, for the 
boiling of food, eſpecially of animal 
food, wholly ſafe. The French may 
be allowed to excel us in cookery, 
but we probably excel them in clean- 
lineſs; for the melancholy accidents 
attending the uſe of copper veſſels, 
are much leſs frequent in England 
than in France; and this difference 
proceeds, I conjecture, from the ſu- 
perior care of the Engliſh in keeping 
their veſſels clean, and from the 
cheapneſs and purity of the tin we 
uſe in tinning copper. We are not 
certain that the art of tinning cop- 
per veſſels was known. to the Jews, 
when. they came out of Egypt; the 
veſſels uſed in the temple ſervice 
were made of copper by divine ap- 
3 | pointment ; 
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pointment; and by being conſtantly 
kept clean, no inconveniences fol- 
lowed. The wort, from which malt 
liquor is brewed, is boiled in copper 
veſſels; the diſtillers and con- 
fectioners prepare their ſpirits and 
ſyrups in un- tinned veſſels of the 
ſame metal, without our ſuffering 
any thing in our health from theſe 
practices; at leaſt, without our be- 

ing generally perfuaded that we ſuf- 
fer any thing. A new copper veſ- 
ſel, or a copper veſlel newly tinned. 
is more dangerous than after it has 
been ufed ; becauſe it's pores, which. 
the eye cannot diſtinguiſh, get filled 
up with the ſubſtances which are 
boiled in it, and all the ſharp edges 
of the prominent parts become 
blunted ;. and are thereby rendered: 
leſs liable to be abraded. 

M. de lu Lande, in deſcribing the 

os M 4 cabi- 
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cabinet at Portici, obſerves, that the 
kitchen utenſils, which have been 
dug up at Herculaneum, are almoſt 
all of them made of a compound 
metallikeour bronze, and that many 
of the veſlels are covered with filver, 
but none of them with tin : and 
hence he concludes, that the uſeful 
art of applying tin upon copper, was 
unknown to the Romans ; cet art 

ile d appliquer Pelainſurle cutore 
manquoit aur Romains*. By the 
ſame mode of arguing, it might be 
inferred, that whatever 1s not met 
with in one houſe or town, is not to 
be-found in a whole country : yet 
ſhould a town in England, in which 
there happened to be plenty of tin- 
ned, but no plated or ſilvered copper, 
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be ſwallowed up by an earthquake, 
a future antiquary, employed in dig- 
ging up its ruins, would make a bad 
concluſion, if he ſhould thence infer, 
that the Engliſh underſtood, indeed, 
at that time, the art of applying a 
covering of tin, but not one of ſilver 
upon copper. If the ingenious author 
had recollected what is ſaid in the 34th 
book of Pliny's Natural Hiſtory, he 
would have ſeen reaſon to believe, 
that the Romans, at leaſt when Pliny 
wrote that book, did underſtand the 
method of tinning copper which is 
now in uſe; for this great naturaliſt 
aſſures us in expreſs terms, that tin, 
ſmeared upon copper veſſels, render- 
ed the taſte more agreeable, and re- 
ſtrained the virulence of the copper 
ruſt. It is to no purpoſe to object, 
that the tin (annum) of Pliny was 
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filver“. Nay, it appears that the 


( 


a ſubſtance different from our tin; 
for though it ſhould be in fome mea- 
ſure granted that it was a mixture 
of lead and ſilver, yet the ſame au- 


thor tells us, in the ſame place, that 


white lead (plumbum album), by 
which it is umverſally allowed our tin 
is meant, was ſo incorporated with 
copper by boiling, that the copper 
could ſcarcely be diſtinguiſhed from 


Ro- 


* Stannum illitum æneis vaſis, ſaporem 
gratiorem reddit, et compeſcit æruginis vi- 
rus, mirumque, pondus non auget from the 
weight of the copper not being ſenſfbiy in- 
ereaſed (for Pliny here ſpeaks popularly), 
we may infer, that the coverin goftin which 


the copper received was very ſlight, and the 


art alluded toby Pliny in this place, was pro- 
bably the ſame with that of tinning now in 
uſe—album (ſcil. plumbum) incoquitur 
æreis operibus, Galliarum invento, ita. 
ut vix diſcerni poſſit ab argento, eaque 

| | in- 


1 
Romans not only uſed pure tin, but 
the ſame mixture of tin and lead, 
which ſome of our. workmen uſe 
at this time in tinning veſſels. A 
mixture of equal parts of tin and 
lead, they call argentarium a mix- 
ture of two parts of lead and one 
of tin, they call fertiarium; and 
with equal parts of lertiarium and 
tin, that is, with two parts of tin 
and one of lead, they tinned what- 
ever veſſels they thought fit. They, 
moreover, applied ſilver upon cop- 
per, in the ſame way in which they 
applied tin upon it“; and they 
- uſed 
incoctilia vocant. This deſeription ſeeme 
to be expreſſive of the manner of tinning, 
by putting the copper into melted tin, as 
s pradtiſed in the tinning of iron. plates. 
Elin. Hiſt. Nat. L. XXXIV. S. XLII. 
— deinde et argentum incoquere 


fimili 
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uſed this ſilvered copper (I do not 
call it plated, becauſe copper is plated 
by a different proceſs) in ornament- 
ing their carriages, and the harneſs 
of their horſes, as we now uſe plated 
copper; on this head Pliny obſerves, 
and a rigid philoſopher will apply 
the obſervation to ourſelves, that 
ſuch was the luxury of the Romans, 
that it was then ſimply reckoned a 
piece of elegance to conſume in the 
ornaments of coaches, and in the 
trappings of horſes, metals, which 
their anceſtors could not uſe in drink- 
ing veſſels, without being aſtoniſhed 
at their own prodigality : we are not 
yet, however, arrived at the extrava- 
gance of Nero and his wife, who ſhod 
fimili modo cœpere equorum maxime or- 
namentis, &c. Id. ib. f 


their 


( 189 ) 
their favourite horſes with gold and 
ſilver. | | 
Pliny mentions an experiment as 
characteriſtic of tin—that when 
melted and poured upon paper, it 
ſeemed to break the paper by it's 
weight, rather than by it's heat ; and 
Ariſtotle, long before Pliny, had re- 
marked the ſmall degree of heat 
which was requiſite to fuſe Celtic 
(Britiſh) tin*. This metal melts 
with leſs heat thanany other fimple 
metallic ſubſtance, except quickſil- 
ver; it requiring for it's fuſion not 
twice the heat in which water boils; 
but compoſitions of tin and lead, 
which are uſed in tinning, melt with 
a {till leſs degree of heat, than what 
is requiſite to melt ſimple tin: and 
a mixture compoſed of five parts of 


De Mirab. 
lead, 


( oe 
lead, 3 of tin, and 8 of biſmuth, 
though ſolid in the heat of the at- 
moſphere, melts with a leſs degree 
of heat, than that in which water 


ESSAY - 
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Of tinning Iron. Of plating, and 
 gilding Copper. 


IRON is tinned in a different man- 
ner from copper. In ſome foreign 
countries, particularly in France, 
Boſiemia, and Sweden, the iron plates 
which are to be tinned, are put un- 
der a heavy hammer which gives, in 
ſome works, 76 ſtrokes in a minute: 
they can in one week, with one ham- 
mer, fabricate 4320 plates; the won 
| AS 
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is heated in a furnace eight times, 
and put eight times under the ham- 
mer during the operation, and it loſes 
near an eighth part of it's weight. 
Iron and copper are both of them 
very apt to be ſcaled by being heated, 
and they thereby loſe greatly of their 
weight. Twenty- four hundred weight 
of pure plate copper will not, when 
manufactured into tea-kettles, pans, 
&c. give above twenty-three hundred 
weight. Twenty-one hundred weight 
of bar iron will give a ton, when ſplit 
intorods; but taking into conſidera- 
tion all iron and ſteel wares, from a 
needle to an anchor, it is eſtimated 
that thirty hundred of bar iron will, 
at an average, yield a ton of wares“. 
dee an inſtructive pamphlet, intitled, 
A reply to Sir L. O'Brien, by W. Gibbons, 
1785. | 
' Thirty 


( 193 ) 
Thirty hundred weight of ca iron is 
reduced to twenty, when it is to be 
made into wire; and twenty- ſix 
to twenty- two, when it is to be made 


into bay iron. Steel ſuffers a much 


leſs loſs of weight in being hammer- 
ed, than iron does. .Caft ſteel does 


not loſe above two parts, and bar ſteel 


not above four, in 1 oo, when drawn 
into the ſhape of raſors, files, &c. 


The iron plates in England are not 


hammered, but rolled to proper di- 
menſions, by being put between two 


cylinders of caſt iron caſed with ſteel. 


This method of rolling iron is prac- 
tiſed in Norway, when they form the 
plates with which they cover their 
houſes; but whether it was invented 


by the Engliſh, or borrowed from 


ſome other country (as many of our 
inventions in metallurgy have been, 
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( 
eſpecially from Germany), I have not 
been able to learn. In the firſt ac- 
count which Ihave ſeen of it's being 
practiſed in England, it is ſaid to 
have been an invention of Major 
Hanburyat Pontypool ; the account 
was written in 1 697, and many plates 
had then been rolled“. The mulling 

of lead, however, which is an operation 
of the ſame kind, had been practiſed 
in the year 1670; for an act of parlia- 
ment was paſſed in that year, granting 
unto Sir Philip Howard and Francis 
Walſon, Eſq. the ſole uſe of the manu- 
facture of milled lead for the ſheath- 
ing of ſhips. A book was publiſhed 
in 1691, intitled, The New Invention 
of Milled Lead for ſheathing of 
Ships,&c. It appears from this book, 
that about 20 ſhips, belonging to 


* Phil, Tranſ. Ab. Vol. V. 
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the navy, had been ſheathed with 
lead; but the practice was diſconti- 
nued, on account of the complaints 
of the officers of the navy, that the 
rudder irons and bolts under water 
had been waſted to ſuch a degree, 
and in ſo ſhort a ſpace of time, as 
had never been obſerved upon any 
unſheathed and wood-fheathed ſhips. 
The perſons then intereſted 1n 
ſheathing with lead, publiſhed a 
ſenſible defence; and among other 
things they remarked, that both the 
Dutch and Engliſh had ever been 
in the habit of ſheathing the ſtern- 
poſts and the beards of the rudders 
with lead or copper; and that the 
Portugueſe and Spaniards did then 
ſheath the whole bodies of their 
ſhips, even of their gallions, with 
lead, and had done it for may years. 
Ma Copper 
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Copper ſheathing has fince taken 
place in the navy; but it is ſaid to 
be liable to the ſameobjections which 
were, above a century ago, made to 
lead ſheathing. It is preferable, 
however, to lead, on account of it's 
lightneſs. If the fact ſhould be once 
well eſtabliſhed that ſhips ſheathed 
with lead or copper will not laſt fo 
loug as thoſe which are unſheathed, 
or ſheathed only with wood, it would 
be a problem well deſerving the 
cenſideration of chemiſts, to inquire 
into the manner how a metallic co- 
vering operates in injuring the con- 
ſtruction of the ſhips, and whether 
that operation 1s exerted on the iron 
- bolts, or on the timbers of the ſhip. 
When the iron plates have been ei- 
ther hammered or rolled to a proper 
thickneſs, the y are ſteeped in an acid 
iquor, which is produced from the 
| 1 85 fer- 
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fermentation of barley meal, though 
any other weak acid would anſwer 
the purpoſe; this ſteeping, and a 
ſubſequent ſcouring, cleans the ſur- 
face of the iron from every ſpeck of 
ruſt or blackneſs, the leaſt of which 
would hinder the tin from ſticking to 
the iron, fince no metal will combine 
itſelf with any earth, and ruſt is the 
earth of iron. After the plates have 
been made quite bright, they are put 
into an iron pot filled with melted 
tin; the ſurface of the melted tin is 
kept covered with ſuet or pitch, or 
ſome fat ſubſtance, to prevent it 
from being calcined ; the tin pre- 
{ently unites itſelf to the iron, cover- 
ing each fide of every plate with a 
thin white coat : the plates are then 
taken out of the melted tin; and 
undergoing ſome further operations, 

N 3 which 
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which render them more neat and 
ſaleable, but are not eſſential to the 
purpoſe of tinning them, they are 
packed up in boxes, and are every 
where to be met with in commerce 
under the name of tin- plates, though 
the principal part of their ſubſtance 
is iron; and hence the French have 
called them fer blanc, or white iron: 

Sir John Pettus ſays, that they were 
with us vulgarly called allen; 
though that word more uſually, I 
think, denoted braſs. 

Tin is not, but iron is, liable to 
contract ruſt by expoſure to air 
and moiſture, and hence the chief 
uſe of tinning iron is to hinder it 
from becoming ruſty; and it is a 
queſtion of ſome importance, whe- 
ther iron of a greater thickneſs than 
the plates we have been ſpeaking of, 
might not be advantageouſſy tinned. 


T * 
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I defired a workman to break off the. 
end of a large pair of pincers, which 
had been long uſed in taking the 
plates out of the melted tin; the iron 
of the pincers ſeemed to have been 
penetrated through it's whole ſub- 
ſtance by the tin ; 1t was of a white 
colour, and had preſerved it's mallea- 
bility. It is uſual to cover iron ſtir- 
rups, buckles, and bridle bits, with 
a coat of tin, by dipping them, after 
they are made, into melted tin; and 
pins, which are made of copper wire, 
are whitened, by being boiled for a 
long time with granulated tin in a lye 
made of alum and tartar. Would the 
iron bolts uſed in fhip building be 
preſerved from ruſting by being long 
boiled in melted tin? Would it be 

poſſible to /, lver iron plates by ſubſti- 
1 us tuting 
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tuting melted ſilver for melted tin? 
I do not know that this experiment 
has ever been tried ; but an intelli- 
gent manufacturer will ſee many ad- 
vantages which would attend the 
ſucceſs of it. 
It is cuſtomary, in ſome places, to 
alloy the tin, uſed for tinning iron 
plates, with about one ſeventieth part 
of it's weight of copper: foreigners 
make a great ſecret of this practice: 
I do not know whether any of our 
manufacturers uſe copper; ſome of 
them I have reaſon to believe do not. 
Too much copper renders the plates 
of a blackiſh hue; and if there is too 
little, the tin is too thick upon the 
plates; but this thickneſs, though it 
may render the plates dearer, or the 
profit of the manufacturer leſs, will 
make them laſt longer. When the 
tin 


( 
tin is heated to too great a pitch, 
ſome of the plates have yellowiſh 
ſpots on them ; but the coat of tin 
is thinner and more even, when the 
tin is of a great, than of a moderate 
heat ; and the yellowneſs may be 
taken away, by boiling the plates for 
two or three minutes in lees of wine; 
or, where they cannot be had, ſour 
ſmall beer, or other ſimilar liquors, 
may, probably, be uſed with the 


ſame ſucceſs. , The quantity of tin 


uſed in tinning a definite number of 
plates, each of a definite ſize, is not 
the ſame at different manufactories. 
In ſome fabrics in Bohemia, they uſe 
14 pounds weight of tin for making 
300 plates, each of them being 117 
inches long by 84 broad ; according 
to this account, one pound of tin 
covers a ſurface of 283 ſquare feet : 

in 
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in other, where the tin is laid on 
thicker, one pound will not cover 


above 22 ſquare feet; the thickneſs 


of the tin, even 1n this caſe, is ſmall, 
not much exceeding the one thou- 


ſandth part of an inch; though that 


is near twice the thickneſs which tin 
has upon copper in the ordinary way 
of tinning. I have inquired of our 
Engliſh manufacturers concerning 
the quantity of tin uſed by them 1n 
covering a definite ſurface of iron; 
and from what I could collect, it is 
very nearly the ſame with that uſed 
in Bohemia, from whence we de- 
rived the art of tinning, or 28 ſquare 
feet to a pound of tin. 

There are various iin plate manu- 
factories eſtabliſhed of late years in 
different parts of England and Wales. 


Saæonyand part of Bohemiaformerly 
ſup- 


Ca. 
ſuppliedall theknownworld with this 
commodity ; but England now ex- 
ports large quantities ofit to Holland, 
Flanders, France, Spain, Italy, and 
other places. About the year 1670, 
Andrew Yarranton (he deſerves a 
ſtatue for the attempt) undertook, 
at the expence of ſome enterprizing 
perſons, a journey into Saxony, in 
order to diſcover the art of making 
tin plates : he ſucceeded to his ut- 
moſt wiſhes; and, on his return, ſe- 
veral parcelsof tin plates were made, 
which met with the approbation of 
the tin-men in London and Worceſ- 
ter*. Upon this ſucceſs, prepara- 
tions were made for ſetting up a ma- 
nufactory, by the ſame perſons who 
had expended their money in mak- 


- England's Improvement by Sea and 
Land, by And. Yarranton, Gent. 1698. 
: ing 
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ing the diſcovery; but a patent be- 
ing obtained by ſome others, the de- 
fign was abandoned by the firſt pro- 
jectors, and the patentees never made 
any plates; ſo that the whole ſcheme 
ſeems to have been grven up till the 
year 1720, when the fabricating of 
tin plates made one of the many very 
uſeful projects (though they were 
mixed with ſome which were imprac- 
ticable) for which that year will ever 
be memorable. How ſoon after that 
year the manufacture of tin plates 
gained a laſting eſtabliſhment, and 
where they were firſt made, are points 
on which I am not ſufficiently in- 
formed;anold Cambridge workman 
has told me, that he uſed them at 
Lynn in Norfolk in the year 1730, 
and that they came from Pontypool. 
The tin- men, at the firſt introduc- 

tion 
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tion of the Engliſh plates, were 
greatly delighted with them ; they 
had a better colour, and were more 
pliable than the foreign ones, which 
were then, and ſtill continue to be 
bammered; it being impoſſible to 
hammer either iron or copper to ſo 
uniform a thickneſs as theſe metals 
are reduced to by being rolled. It is 
ſaid, that a Corniſi tin- man flying out 
of England for a murder in 1243, 
diſcovered tin in Saxony, and that 
before that diſcovery, there was no 
tin in Europe, except in England“; 
a Homiſi prieſt, converted to be a 
Lutheran, carried the art of making 
tin plates from Bohemia into Saxony 
about the year 1620+; and Andrew. 
Farranton, as we have ſeen, brought 
it from Saxony into England about 


1 . 


* Heylin's Geog. + Yarranton. | 
OY the 
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the year 1670; Saxony at that time 
being the only place in which the 
plates were made. They are now 
made not only in England, but 
in France, Holland, Sweden, &c. 
though from the cheapneſs of our 
tin, and the excellency of ſome ſorts 
of our iron, the greateſt ſhare of the 
tin plate trade muſt ever centre with 
ourſelves. Our coal 1s another cir- 
cumſtance which tends to give Great 
Britain an advantage over ſome other 
countries, in ſuch manufactures as 
require a great conſumption of fuel. 
Wood was ſcarce in Saxony above a 
century ago, and it is now {till more 
ſcarce in France. They are begin- 
ning, it is ſaid, in that country, to 
uſe coal and coak, or charred pit-- 
coal, called by them charbon de terre 
pure, and they have granted a pa- 
tent 
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tent to an individual for the prepa- 
ration of it“. Another individual 
has begun to diſtil tar from pit-coal, 
and he gets about 5 pounds weight 
of tar from an hundred of coal 
(which is pretty nearly what I ſug- 
| geſted, in 1781, as poſſible to be ob- 
tained from the ſame quantity, Vol. 
II. p. 352). The French expect 
| great 
* Acad des Scien. à Paris, 1781; where 
M. Lavoiſier gives an uſeful memoir on the 
comparative excellencies of pit-coal, coak, 
wood and charcoal as fuels.—II ſuit de ces 
experiences, que pour produire des effets 
Egaux, il faut employer: charbon de terre 
600 livres; charbon de terre charbonnẽ᷑ 552; 
charbon de bois mele 960; boi de -hetre 
1125 ; bois de chene 1089. Do 
I +11 ſuffitdedire qu'elle peut fournir à la 
capitale un nouveau chauffage, devenu ne- 
ceſſaire dans un moment où l'on eſt menace 
d'une diſette de bois; qu'elle peut ouvrir 
| dans 
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great advantage from this mode of 
depurating coal; but we have no- 
thing to apprehend on that ſcore; 
for the patriotic zeal of the Earl of 

| Dundonald has put us in poſſeſſion 
of every advantage which can be ex- 
pected from a diſcovery, which he 
has had the honour of bringing t to 
perfection. 

The plating of copper is perform- 
ed in the following manner: Upon 
ſmall ingots of copper they bind 
plates of ſilver with iron wire, ge- 
nerally allowing 1 ounce of ſilver to 
12 ounces of copper. The ſurface 
of the plate of ſilver is not quite ſo 
large as that of the copper ingot ; 
dans le royaume une nouvelle brance de 
commerce; etablir des nouvelles manufac- 


tures ; faire valoirdes mines, reftees juſqu'z 
_ preſent inutiles. L'Eſprit des Journ Iuillet, 


1785. 
| upon 
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upon the edges of the copper, which 


are not covered by the ſilver, they 


put a little borax; and expoſing the 
whole to a ſtrong heat, the borax 


melts, and in melting contributes to 
melt that part of the ſilver to which 
it is contiguous, and to attach it in 
that melted ſtate to the copper. The 
ingot, with it's ſilver plate, is then 
rolled under ſteel rollers, moved by 


a water wheel, till it is of a certain 


thickneſs; it-is afterwards further 
rolled by hand rollers, to a greater or 


leſs extent, according to the uſe for 


which it is intended; the thinneſt is 
applied to the lining of drinking 
horns. One ounce of ſilver is often 
rolled out into a ſurface of about 
ſquare feet, and it's thickneſs is about 
the three thouſandth part of an inch; 
and hence we need not wonderat the 
vok. IV. O ſilver 
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ſilver being ſoon worn off from the 


ſharp angles of plated copper, when 


it is rolled to ſo great an extent. 
Plated copper has, of late years, be- 


come very faſhionablefor the mould- 
ings of coaches. and for the buckles, 
rings, &c. of horſe harneſs. It might 
be uſed very advantageouſly in kit- 


chen utenſils, by thoſe who diſlike 


the uſe of tinned copper, and cannot 
afford to be at the expence of ſilver 
ſaucepans, &c. The filver, inſtead 


of being rolled on the copper to ſo 


great a thinneſs as it is in moſt works, 
might be left in kitchen furniture 
conſiderably thicker, ſo that an ounce 
of filver might be ſpread over one 
ſquare foot; the filver coating would 
in this caſe ſtill be very thin, yet it 


would laſt a long time. Fire does 


not conſume ſilver, and the waſte in 


1 | thick- 


. 
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thickneſs, which a piece of plate 
ſuſtains from being i in conſtant uſe 
for a century, is not much ; as may 
be collected from comparing the pre- 
ſent weight of any piece of college 
plate, which has been daily uſed, 
with the weight it had an hundred 

years ago. 
Ido not know whetherany attempt 
has ever been made to plate copper 
with tin inſtead of ſilver;I am aware 
of ſome difficulty, which might at- 
tend the operation; but yetit might, 
1 think, be performed; and if it 
could, we might then have copper 
veſſels covered with a coat of tin of 
any required thickneſs, which is the 
greatdefideratumin thepreſent mode 
of tinning : but it ought to be re- 
marked, that the thicker the coat 
of tin, the more liable it would be 
0 2 to 


6 
to be melted off the copper by ſtrong 
fires. * 
The art of plating copper has not 
been long practiſed in England ; nor 
do I know whether it was practiſed 
at an early period in any other 
country; for the Roman method of 
ſilvering copper was different, 1 
think, from that now in uſe. Jo- 
mas Balſover of Sheffield. in the year 
1742, was the firſt perſon in England 
who plated copper; it was applied 
by him to the purpoſes only of mak- 
ing. buttons and ſnuff- boxes: ſoon. 
after it was uſed for various other 
works: a perſonof the name of Hoy- 
| land, at Sheffield, was the firſt who 
1 made a plated candleſtick. 
4% What is commonly called French 
plate, is not to be confounded with 
the plated copper of which we have 


1 been 
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been ſpeaking; for though both 
theſe ſubſtances conſiſt of copper 
covered with a thin coat of real fil- 
ver, yet they are not made in the 
fame way. In making French plate, 
| copper, or more commonly braſs, is 
heated to a certain degree, and luer 
leaf is applied upon the heated me- 
tal, to which it adheres by being 
rubbed with a proper burniſher. It 
is evident, that the durability of the 
plating muſt depend on the number 
of leaves which are applied on the ſame 
quantity of ſurface. For ornaments 
which are not much uſed, ten leaves 
may be ſufficient; but an hundred 
will not laſt long, without betraying 
the metal they are deſigned to cover, 
il they be expoſed to much handling, 
or frequently waſhed. After the 


ſame manner may gold leaf be fixed, 
0 3 either 
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either on iron or copper. Gold is 
applied on ſilver, by coating a ſilver 
rod with gold leaf; and the rod be- 


ing afterwards drawn into wire, the 
gold adheres to it; the ſmalleſt pro- 


portion of gold, allowed by act of 
parliament, is 100 grains to 5760, 
grains of ſilver; and the beſtdouble- 


gilt wire is ſaid to have about 20 grains 


more of gold to the ſame quantity 
of ſilverx. It has been calculated, 
that when common gilt wire is flat- 
ted, one grain of gold 1s ſtretched 
on the flatted wire to the length of 
above 401 feet, to a ſurface of above 
100 ſquare inches, and to the thinneſs 
of the 492 090th part of an inch: and 
M. de Reaumur ſays, that a grain of 


gold may be extended to 2900 feet, 
andcoveraſurface of more than 1400 


Lewis Com. Phil. p. 53. 
155 ſquare 


e 

ſquare inches; and that the thick- 
neſs of the gold, in the thinneſt parts 
of ſome gilt wire, did not exceed the 
fourteen millionth part of an inch*. 
The gold, when thus applied, 15 
thinner than when ſilver is gilt in 
the following manner, which is yet 
reckoned one of the cheapeſt ways, 

and is uſed in making various toys. 
Gold is diſſolved in aqua regia; and 
linen rags being dipped into the ſo- 
lution, they take up ſome particles 
of gold; the rags being burned to 
aſhes, and the aſhes being rubbed 
on the ſilver, the gold adheres to it, 
and is rendered viſible by being well 
burniſhed. 


Id. 60. 
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Of gilding.in Or Moulu.— O the 
Uſe of Auichſilver in extracting - 
Gold and Silver from Earths.— 
Of Boerhaave's Experiments on 
Quickfilver. Of filvering Look- 
ing-Glaſſes ; and of the Time 
when that Art was diſcovered. 


HERE is another method of 
applying gold on copper or 
ſilver, which is much practiſed; it is 
+ 2 called 


n 3 
called gilding in Or Moulo. Quick- 
fil ver diſſolves gold with great faci- 
lity: if you ſpread a gold leaf (not 
what is called Dutch leaf, which is 
made of braſs on the palm of your 
hand, and pour a little quickſilver 
upon it, you will ſee the quickſilver 
abſorbing the gold, juſt as water ab- 
ſorbs into it's ſubſtance a piece of ſalt 
or ſugar. Perſons who have taken 
mercurial preparations internally ſel- 
dom fail to obſerve the readineſs with 
which the mercurytranſudes through 
their pores, attaching itſelf to the 
gold of their watches, rings, ſleeve- 
buttons, or ear- rings, and rendering 
them of a white colour. A piece of 
gold, of the thickneſs even of a gui- 
nea, being rubbed with quickſilver, 
is ſoon penetrated by it, and thereby 
made ſo fragile, that it may be broken 

| 1 be- 
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between the fingers with caſe : and 
if more quickfilver be added, the 
mixture will become a kind of paſte, 
of different degrees of conſiſtence, 
according to the quantity of quick- 
ſilver which is uſed. A piece of this. 

| paſte is ſpread, by ways well known 
to the artiſts, upon the ſurface of the 
copper which is to be gilded in or 
mou lit, and the metal is then expoſed. 
to a proper degree of heat: quick- 
filver may be evaporated in a far leſs. 
degree of heat, than what is required 
to melt either gold or copper; when 
therefore the mixture of gold and 
quickſilver is expoſed to the action 
of fire, the quickſilver is driven off 
in vapour; and the gold, not being 
ſuſceptible of evaporation, remains 
attached to the ſurface of the copper, 
and undergoing the operations of 
bur- 
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burniſhing, &c. too minute tobe de- 
ſcribed, becomes gilt. This method 
of gilding copper, by means of quick- 
filver and gold, was known to the 
Romans«. Quickſilver will not 
unite with iron, yet by an eaſy ope- 
ration, the foundation of which has 
been mentioned (Vol. I. Eſſ. VI.) 
iron may be gilded in the ſame way 
that copper or ſilver may. The iron 
is firſt to be made bright, and then 
immerſed in a ſolution of blue vi- 
triol, it's ſurface will thereby become 
covered with a thin coat of copper, 


„„ inaurari argento vivo, aut certe hy- 
drargyro, legitimum erat. Plin. Hiſt. Nat. 
L. XXXIII. Pliny underſtood by argentum 
vivum, native quickſilver, which is found 
in a fluid ſtate in many mines; and by hy- 
drargyrum he underſtood quickſil ver ſeparat- 
ed from it's ore by fire; they are the ſame 
| ſubſtance. | E 


1 
and it will then admit the gilding as 
if it's whole ſubſtance was copper. 

It is this property which quickfil- 
ver has of uniting itſelf with gold, 
and it does the fame with ſilver, which 
has rendered it of ſuch great uſe to 
the Spanzardsin America. They re- 
duce the earths or ſtones, containing 
gold or ſilver in their metallic ſtates, 
into a very fine powder; they mix 
this powder with quickſilver; and the 
quickſilver, having the quality of 
uniting itſelf with every particle of 
theſe precious metals, but being in- 

capable of contracting any union 
with any particle of earth, extracts 
theſe metals from the largeſt portions 
of earth. The quickſilver, which has 
abſorbed either gold, or ſilver, or a 
mixture of both, is ſeparated from 
the lubſtance it has abſorbed by eva- 
porat ion; 
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„ 
Poration ; the quic k ſi lver flies off in 
vapour, and the ſubſtance remains in 


the veſſel uſed in the operation. We 


have no mines of mercury in Eng- 
land; Sir John Pettus, indeed, ſays, 
that a little cinnabar is now and then 
met with 1n our copper mines ; and 
Mr. Pennant obſerves, that quick- 
filver has been found in it's native 
ſtate on the mountains of Scotland ; 
and Ihave been ſhewna piece of clay, 
ſaid to have been dug near Berwick, 


in which there were ſome mercurial 


globules: but there are no works at 
preſent, where mercury is procured 
in any part of Great Britain; nor are 
there many mines of mercury in any 
part of the world. In the Philoſophi- 
cal Tranſactions for 1665, we have 
an account of the quickſilver mines 


of Idria, a town ſituated in the coun- 


˖ Ty 


( 223 ) 
try anciently called Forum Juliz, now 
Padria de Friouli, ſubject to the re- 
gency, and included in the circles of 
the lower Auſeria in Germany. Theſe 
mines have been conſtantly wrought 
for above 280 years, and are thought, 
"one year with another, to yield above 
100 tons of quickfilyer. In Hungary 
allo, there are mines which yield 
quickfilver, but not ſo copiouſly now 
as formerly. Alonſo Barba mentions 
ſome quickſilver mines in America 
near Potof*, which, he ſays, God Al- 
mighty provided to ſupply the loſs 
of this mineral, which 1s very con- 
ſiderable in extracting the ſilver from 
the earths and ſtones with which it is 
mixed: but the mines of Almaden in 
Spain are the richeſt, and probably 


»Treatiſe on Metals, &c. by Alonſo Bar- 
ba. Eng. Tranſ. p. 112. 
„ have 
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have been wrought for the longeſt 


time of any in the world. Pliny 
ſpeaks of the cinnabar which the Ro- 
mans, with ſo much jealouſy, an- 
nually fetched from Spain, and it is 
very probable that they had it from 
Almaden. M. Juſſieu informs us“, 
that in 1717 there remained above 
1200 tons of quickſilver in the ma- 
gazines at Almaden, after a great 


deal had been ſent to Seville in order 
to be exported to Peru, where the 


quickſilver, which is loſt in extract- 
ing the ſilver, is ſaid to be at leaſt 
equal in weight to the ſilver which is 
extracted. From 1574, when they 
began to regiſter the quickſilver, 


which came to Potaſi upon the 
king of Spain's account, to the year 


1640, there had beer received, ac- 


Hiſt. de Acad. des Scien. 1710. 
cording 


„ 
cording to Alonſo Barba, 204600 
quintals, beſides a vaſt quantity ir- 
regularly brought in upon other aG- 
counts. This application of quick- 
filver to the extract ion of gold and 
ſilver from the earths in which they 
are found, has rendered the conſump- 
tion of it far more conſiderable ſince 
the diſcovery of the American mines, 
than it was amongſt the ancients. 
Ilotman forms a calculation, and 
concludes, that fifty times as much 
gold as quickſilver was annually ex- 
tracted from the bowels of the earth: 
Cramerkadmits the truth of this cal- 
culation, but inſinuates a ſuſpicion 
worth attending to that mercury 
may often exiſt in minerals, and yet 
not be diſcovered by miners; ſince 
in the open fires in which minerals, 
* Ars. Docim. Cram. Vol. I. p. 231. 
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whoſe properties are not known, are 


uſually examined, the mercury would 


fly off in fume. Earths or minerals 
of anykind, containing mercury, are 
moſt accurately aſſayed by diſtilling 
them with iron filings; but whether 
a mineral contains mercury or not, 


may be eaſily diſcovered, by ſtrewing 
it, when powdered, on a plate of hot 


iron, or on a hot brick covered with 
iron filings, and inverting over it a 
glaſs ofany kind; the mercury, if the 
mineral contains any, will aſcend, 
and attach itſelf in ſmall globules to 
the fide of the glaſs. Mercury is 
divided, by the writers of ſyſtems of 
mineralogy, into native mercury,and 
mercury mineraliſed by ſulphur: 


native mercury is found in it's run- 


ning ſtate, and quite hure, as it is ſaid 
though this may be doubted, from 
| | the 


( 229 } 
the facility with which mercury diſ- 
folves gold, and ſilver, and other 
metals), in the mines of Idria, Al- 
maden, &c.; it is more frequently, 
however, imbedded in calcareous 
earths, or clays of different colours, 
from which it may be ſeparated either 
by trituration and lotion, the ſmal- 
ler globules coaleſcing by mutual 
contact into larger; or by diſtillation. 
The running native mercury, which 
requires no proceſs for it's extraction, 
is more eſteemed, and thought to 
have ſome peculiar properties which 
do not belong to that obtained by 
ſimple diſtillation, though they both 
come under the denomination of vir- 
gin mercury. Mercury mineraliſed 
by ſulphur, is called cinnabar, which. 
ſome ſay is an African word denoting 
Fx the 


( 228 
the bloodof a dragon*. Cinnabar is 
the moſt common ore of mercury; it 
is found inan earthy form reſembling 
red ochre, ſometimes in an indurated 
ſtate, and, though generally red, it 
hath been obſerved of a yellowiſh or 
blackiſh caſt; it is moſtly opaque, but 
ſome pieces are as tranſparent as a 
ruby. This ore conſiſts of mercury 
and ſulphur combined together in 
different proportions; ſome cinna- 
bars yielding as far as 7, other not 
3 parts in 8 of their weight of mer- 
cury. Sulphur and mercury, being 
both volatile in a ſmall degree of 
heat, would riſe together in diſtilla- 
tion, unleſs ſuch ſubſtance, ſuch as 
quicklime or iron filings, was added 
to the cinnabar, which, by it's ſupe- 
Tior affinity, unites itſelf with and 
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detains the ſulphur ; whilſt the mer- 
cury, not being able to ſupport the 
heat, 1s elevated 1n vapour, and con- 
denſed in various ways in different 
works. It ſometimes happens, that 
the coarſer cinnabarine ores are fo 
much mixed with calcareous earth, 
that they require no addition in or- 
der to effect the ſeparation of mera 
cury from ſulphur; this is the caſe 
in the mines of Almaden. The finer' 
kinds of cinnabar, bearing a much 
higher price than mercury itſelf, are 
never wrought for mercury, but ei- 
ther uſed in medicine, or, when levi- 
gated, under the name of vermillion, 
in painting, and often by the women 
as. a ſubſtitute for carmine, which is 
prepared from cochineal. Native cin- 
nabars are often mixed with ſmall 
portions of arſenical, vitriolic, or 
P 3 earthy 


| ( 230 ) 
earthy ſubſtances, whence they be- 
come of uncertain or dangerous effi- 
cacy in medicine; for this reaſon 
Geoffroy recommends the ule of fac- 
fitious cinnabar; and the native, 
though formerly 1n great repute, has 
been left out of modern diſpenſato- 
ries. The fineſt cinnabar we know 
of is brought from Japan, though 
there is great reaſon to believe that 
the Dutch impoſe upon the world a 
home manufacture, under the name 
of Japan cinnabar : the trade for 
gold, copper, and cinnabar to Japan 
is exceeding lucrative, and I believe 
wholly, as to Europe, in the hands 
of the Dutch. 

Thoſe, who are acquainted with 
the difficulty of. making chemical 
experiments, will admire the great 
patience and induſtry with which 

Boer- 


( 

Boerhaaveinveſtigated the nature of 
mercury. He was induced to un- 
dertake this taſk, from a deſire of 
verifying or refuting the doctrines of 
the alchemiſts. Theſe adepts had 
taught, that mercury was the matter 
of which all metals conſiſted ; and 
that if it could be cleanſed from ſome 
original impurities, with which, even 
in it's virgin ſtate, they held it to be 
polluted, 1t would then become fit 
nutriment for the ſeed of every me- 


tallic ſubſtance : for, according too 


them, every metal ſprung from it's 
peculiar ſeed, which, when it met 
with it's proper pabulum, in a proper 
matrix, attended withadueioftering 
heat, by a vivifying principle multi- 
plied itſelf, and received an augmen- 
tation of parts, in a manner finular 
to that by which plants and animals 
P 4 are 
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( 
are dilated in their dimenſions. The 


_ inveſtigation of nature is infinite; 


every age adds {ſomewhat to the com- 
mon ſtock, which renders the la- 
bours of preceding ages wholly ute- 
leſs. Weno longer trouble ourſelves 


with the works of the alchemiſts 


which remain, nor do we regret ſuch 
of them as have been devoured by 
time, or were burned by the order of 
Diocletian ; nay, even the Herculean 
labours of Boerhaaveare become leſs 
intereſting to us, and probably never 
would have been undertaken by him, 


had he been aware, that mercury 


would, in a proper degree of cold, 
become, like other metals, ſolid and 


malleable. In the Tranſactions of 


our Royal Society for the year 1733, 
we meet with Boerhaave's firſt diſſer- 
tation upon mercury: his firſt expe- 

| riments 


( 
riments reſpect the change which the 
pureſt mercury undergoes from con- 
tinual agitation; he included two 
ounces, which had been diſtilled 
above 60 times, in a clean bottle, 
and faſtening the bottle to the ham- 
mer of a fulling mill which was 
almoſt conſtantly going, found in 
about eight months time above one 
eighth of the fluid, ſplendid, infipid 
mercury, changed into a black pow- 
der, of an acrid, brafly taſte. He 
next digeſted mercury 1n a gentle 
heat (180* of Fahrenheit's ther.) and 
found it, in a few months, changed 
into a powder, fimilar to what had 
been. produced by agitation : both 
theſe powders in a greater degree f 
heat were reviviſied, or became run- 
ning mercury again. He then in- 
quired into the change which repeat- 

| ed 
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ed diftillation could produce ; after 
each operation he found a red acrid 
powderremaining in the retort ; and 
he obſerves, that this powder was as 
copiouſly ſeparated, after the mer- 
cury had been above 500 times diſ- 
tilled, as at firſt; and thence rea- 
ſonably concludes, that it ought ra- 
ther to be attributed to a change of 
the mercury itſelf, than to any im- 
purity contained in it. This pow- 
der, like the preceding, by a ſupe- 
rior degree of heat, became running 
mercury; except about a 72d part, 
which, though fixed in a ſtrong fire, 
and vitrifiable with borax, could not 
ſupport the action of lead, but va- 
niſhed entirely, leaving no ſigus of 
any metallic ſubſtance upon the cu- 
pel; this ſhews the little probability 
of converting mercury into gold or 

? ſilver 
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filver by the action of a violent fire. 
In the following year he preſented a 
memoir to the Royal Academy of 


Sciences at Paris, upon the ſame ſub- 


ject. We there learn, that mercury, 
kept in digeſtion for 15 years, with 
a conſtant heat of 100 degrees, was 
not fixed, nor any how changed, ex- 


cept that alittle black powder (which | 


by fimple grinding in a mortar be- 
came running mercury) was found 
floating upon it's ſurface. Hence is 
inferred, the impoſſibility of mer- 


cury's being changed in the bowels 


of the earth into any other metal, the 
heat in mines ſcarcely ever amount- 
ing to 100%. Though it might be 
impoſſible to change mercury into a 
metal, yet the philoſophers by fire 
contended, that mercury, united toa 


particular kind of ſulphur, entered 
3 : into 
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„ 
into the compoſition of all metals, 


and might by art be extracted from 


them; lead was of all others, thou ght 


the moſt likely, and the experiment 


had been reported to ſucceed by Van 
H. elmont, and others; but Boerhaave 
is poſitive, that nothing can be ex- 
pected from it's combination witli 
ſalts, and lead, or tin. It was till 
thought by thealchemiſts, that mer- 


cury could never be freed from it's 


original impurity, but by being join- 
ed to ſome pure body of the fame 


nature with itſelf; this they thought 


gold and ſilver to be. Boerhaave, 
in order fully to ſubvert. their high 
pretenſions, gave in to the Royal So- 


ciety another paper in the latter end 


of the year 1736, containing an ac- 
count of the unchangeableneſs both 
of mercury and gold, how often ſoever 

1  _ 


2 


(a 
they were diſtilled together. He re- 
peated the diſtillation of mercury 
from gold above 850 times; the 
mercury was not in any reſpect 
changed; it's ſpecificgravity was the 
ſame as at firſt, nor had it loſt the 
property of being converted into a 


red powder by a due degree of heat. 
Theſe were all the tracts which were 


publiſhed during the life-time of 
Boerhaave; he died in September, 
1738, and left bis papers to his two 
brothers, and after their deaths they 
fell into the hands of Charles Fre- 
deric Kruſc, phyſician to the Em- 
preſs of Ruſſia; this gentleman 
hath publiſhed a ſhort extra& from 
Boerhaave's Diary, and promiſes a 
fuller account of ftill more laborious 
operations. We learn from this ex- 

- tract, 


3 — TS 1 
% "3 2 $ e 3 $52 
Q - 2 8 . 
* re * % LG : - 


4 
. 
* 


U 
0 
* 
8 
1 o 
: * 
g = 
[ 
7.4 
* 
1 
"et w «4 . 
.. 
Y by . 
* * l 
© IM 
1 Ld 
9 LE 
* % 
oy 
T 
ml ; o 
4 
+2 
* vs 
3 LY 
: 9 
af”, 
Fe. 
* * 
off b 
. FL 
7 No 
3. + 
1 
Rs 
＋ 1 - 
* by 
70 5 — 5 
os * + 
af " 
p 
, \ \ 
* 
by 
aq LY 
by: 
on 
9 - 
Y [fe 
1 
* TY 
nn 
2 
141 
o u 
a 
| oq 
oY: 


e .. 
- l a 


2 — 
2 S 2 . Ae 
r I 8 
Sn 
2 LI 2 3 * 
— — with \ 
OE OR 


„ 

tracts, that Boerhaave had diſtilled 
the ſame mercury 1009 times, and 
it's ſpecific gravity was to that of wa- 
ter, as 13 : 1; whilſt that which 
had 459 but once diſtilled was as 
13 : I; a difference which may 
eaſily be i to the different 
temperatures of the airwhen the ex- 
periments were made, or to other 
accidental circumſtances, which the 
accuracy of Greve/ande, with whom 
he made the experiment, could not 
provide againſt. 

The mixture of quickſilver with 
gold, or filver, or lead, or tin, or 
copper, or any other metallic ſub- 
ftance with which it is capable of 
uniting, is called an amalgam, and 
the operation by which the union 


Novi Commen. petrop. Tom. IX. 


NT]. 
is effected, is called amalgamation. 
Authors are not agreed as to the 
derivation of the word amalgam; 
ſome think that it is compoſed of 
two Greek words («pa and yapes) 
by which the intimate union, or mar- 
riage, as it were, of the two metals is 
denoted; others are of opinion, that 
it ought to be written a malagma, 
and that it is derived from a Greek 
(word paraccw) fignifying to ſof- 


ten, inafmuch as the metal, be it 


what it may, is always ſoſtened by 
it's union with the mercury. An 
amalgam. made of four parts of tin 
and one of quickſilver, in the form 
of a ball, is uſed by ſome under the 
pretence of puryfying water; it can- 
not, I think, contribute in any man- 
ner to that end; but as the ball is 
always boiled in the water, the 
ſeeds of vegetables, or the fiſh 
ſpawn, 
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ſpawn, or the animalcules, &c. with 
which water is often polluted, may 
be precipitated by the action of boil- 
ing. But there is another purpoſe 


to which a mixture of tin and quick- 


ſilver is applied with great utility 
the filvering of looking-glaſſes. 
Tin may be beat out into leaves 
not thicker than paper, called ois; 
on tin. foil, fitly diſpoſed on a flat 
table, quickſilver is poured, and 


gently rubbed with a hare's foot; 


it ſoon unites itſelf with the tin, 
which then becomes very ſplendid, 
or, as the workmen ſay, is quicken- 
ed ; a plate of glaſs is then cautiouſſy 
ſlid upon the tin. leaf, in ſuch a man- 
ner as tb ſweep off the redundant 
quickſilver, which is not incorpo- 
rated with the tin: leaden weights 


are then placed on the glaſs; and in a 


little | 


( 241 ) 


| Aittle time the quickſilver tin- foil 
adheres ſo firmly to the glaſs, that 


the weights may be removed without 


any danger of it's falling off. The 


glaſs thus ſilvered is a common look - 


ing glaſs. About two ounces of 
quickſilver are ſufficient for cover- 
ing three ſquare feet of glaſs. 

It is generally believed, that the 


art of making looking · glaſſes, by ap- 


” plying to their back ſurface a metal- 


lic covering, is a very modern 1nven- 


tion. Muratori expreſsly ſays, that 
glaſs /pecula, ſuch he means as are 
now in uſe, are not of any great an- 
tiquity.— Seræ autem antiquitati 
aovimus fuiſſe ſpecula, quorum uſus 
nunquam deſiit; ſed eorum fabricam 
apud Italos unice forſan Veneti per 
tempora multa ſervarunt et adhuc 


ſervant: quæ tamen alio tranſlata 
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242) 
nunc inaliis quoque regnis floret*.— 
The authors of the French Ency- 
clopedie have adopted the ſame 
opinion, and quoted a Memoir print 
ed in the 23d vol. of the Academy 
of Inſcriptions, & c.— Il eſt d' autant 


plus Etonnant que les anciens n'aient 
pas connu art de rendre le verre 
propre i conſerver la repreſentation 
des objets, en appliquant Vetain 
derriere les glaces, que les progres 
de la découverte du verre furent, 
chez eux, poufſes fort loin.— Mr. 
Nixon, in ſpeaking of the glaſs 
pecula of the ancients, ſays, Be- 
fore the application of quickſilver 
in the conſtruction of theſe glaſſes 
(which I preſume is of no great 
antiquity), the reflection of images 
by ſuch ſpecula muſt have been 


M uratori Antig · Vol. II. p. 393. 


15 Art. Miroir. 
el- 


Ca 
effected by their being beſmeared 
behind, or tinged through with ſome 
dark colour, efpecially black“ .“ I 
have beſtowed more time in ſearching 
out the age in which the applying a 
metallic covering to one fide of a 
looking-glaſs was introduced, than 
the ſubject, in the eſtimation of many, 
will ſeem to deſerve; and, indeed, 
more than it deſerved in my own 
eſtimation : but the difficiles nugæ, 
the Hultus labor ineptiarum, when 
once the mind gets entangled with 
them, cannot be eaſily abandoned: 
one feels, moreover, a ſingular re- 

luctance in giving up an unſucceſs- 

ful purſuit. The reader would par- 

don the introduction of this re- 

flection, if he knew how many 

muſty volumes I turned over before 
* Philof. Tranſ. 1758. P. 602. 
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( 244 ) 
I could meet with any information 
which could ſatisfy me, in any de- 


gree, on this ſubject; I am not 
yet quite ſatisfied, though I take 


the liberty to ſay, in oppoſition to 
Muratori, and the other reſpectable 
authorities which Ihave quoted, that 
the applying a metallic covering to 
looking-glaſſes is not a modern in- 


vention it is probable it was known 


in the firſt century, if not ſooner; 
and it is certain, I apprehend, that 
it was known in the ſecond. 

The Romans, before-the time of 
the younger Pliny, not only uſed 


glaſs, inſtead of gold and ſilver, for 
drinking veſſels, but they knew how . 


to glaze their windows with it, and 
they fixed it in the walls of their 
ropms to render their apartments 
more pleaſant. Now a piece of flat 
glaſs, fixed in the fide of a room, is a 

| ſort 


(- 45 3 


fort of looking-laſs, and if the fucco ' 


into which it is fixed be of a dark 


colour, it will not be a very bad one. 


And hence I think the Romans could 
not fail of having a ſort of glas ſpe- 


cula in uſe: but this, though admit- 
ted, does not come up to the point; 


thequeſtion'is, Whether they cover- 
ed the poſterior ſurface of the glaſs 
with a metallic plate? It has been 
obſerved before, that the Romans 
knew how to make a paſte of gold 
and quickſilver; and it appears from 
Pliny alſo, that they knew how to 
beat gold into thin leaves, and to 
apply it in that ſtate both on wood 
and metal : now there is a paſſage 
in Pliny, from whence it may be 
collected, that the Romans began 
in his time, to apply acoat of metal to 
glaſs ſpecula, and that this coat was 


of gold. The paſſage occurs in the 
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very place where Pliny profeſſes to 


finiſh all he had to obſerve concern 
ing ſpecula*. An opinion, ſays he, 


has lately been entertained, that the 


application of gold to the back part 
of a ſpeculum, renders the image 
better defined. It is hardly poſſible 
that any one ſhould be of opinion, 
that a plate of gold put behind a 
metallic ſpeculum, could have any 


effect in improving the reflected 


image; but ſuppoſing Pliny (whoſe 
tranſitions in writing are often 
abrupt) to have paſſed from the men- 
tion of metallic to that of glafs 


Atque ut omnia de ſpeculis peragantur 
hoc loco— Optima apud majores fuerant 


- Brundufina ſtanno et ære mixta. Prælata 
ſunt argentea. Primus fecit Praxiteles, 
magni Pompeii ætate. Nuper credi eœptum 


certiorem imaginem reddi auro appoſito 


aàverſis Hiſt, Nat. L. XXXIII. S. XLV. 


 Jpecula, 


FF. 
ſpecula, then the propriety of the 
obſervation relative to the improved 
ſtate of the image is very obvious. 
If we ſuppoſe the Romans in Pliny's 
age to have ſimply applied ſome 


black ſubſtance to the back {ſurface 


of the glaſs, or even to have known 
how to put tin. behind it, yet the 
_ obſervation of the image being ren- 


dered more diſtinct by means of 


gold, might have been made with 
more juſtice than is generally ſup- 
poſed; for Buffon is of opinion, that 
a looking · glaſs made with a cover- 


ing of gold and quickſilyer, would 


reflect more light than one made 
in the ordinary way with tin and 
quickfilver*; and hence Pliny's 
* On pourroit trouver le moyen de faire 
un meilleur ẽtamage, et je crois qu'on par- 
viendroit en employant de Vor et du vif- 
argent. Hiſt. Nat. Buffon. Sup. Tom. I. p. 
451. 
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( 248 ). 
expreſſion, | _ Certiorem- imag inem 
reddi auro appaſilo averfis, will be 
accurately true. 

Alexander Aphrod} -urflouriſhee 
towards the end. of the ſecond cen- 
tury ; he wrote ſeveral works in 
Greek, and among the reſt two books: 
of problems; one of his problems is 
this“: 

A. Th 7 deu cr ges "AZPTET ay as; 
Why are glaſs ſpecula ſo very reſplendeut? 
The only part of the anſwer which 
we are concerned with, is, 
Ori $1009-v- u xe racorigo. 


Becauſe they beſmear the inſide of them 
with tin. 


The Greek word which I WS | 
rendered be/mear, does not clearly, 
* AAEZANAPOY AGPOAIEENE baren 
gl 10 ov ON. Parisi 718, 1541. 
Ifthere beany doubt concerning the authen- 


ticity of theſe problems, I leave it to be dis- 
cuſſed by the Critics. 


point 


( 249 ) 


point out the manner in which the 
operation of fixing the tin upon the 


_ glaſs was performed. Pliny uſes a 


Latin word /z{{itum} of exactly the 


ſame import as this Greek one, when 


he ſpeaks of copper veſſels being 


tinned ; and as in that operation, tin 
is melted and ſpread over the ſurface 
of the copper, I ſee no difficulty in 


ſuppoſing, that the tin may have 
been, in the time of Alexander 
Aphrodiſeus, melted and ſpread over 


the ſurface of the glaſs, when pre· 
viouſly heated. 


Having carried up the invention 
of covering glaſs ſpecula with a me» 


tallic coating to-the ſecond century, 
we may be the more ready to admit 
that the Sydonians poſſeſſed this 
art, before Pliny wrote his Natural 
Hiſtory : for in that work he not 
only praiſes them for their former in- 

genuity 
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( 
genuity in various glaſs manufactures, 
but he adds and they had invent- 
ed ſpecula alſo“.— Now there is 
ſome reaſon to think, that if the 


of uſing a flat piece of glaſs as a ſpe- 
culum, without knowing how to give 
it a metallic coating, on which it's 
excellency chiefly depends, they 
would not have merited the men- 
tion which Pliny makes of them; 
for their looking- glaſſes muſt have 
been inferior to the metallic mirrors 
then in uſe at Rome. There ſeems 
to be but one objection of any con- 
ſequence to this concluſion :—had 
the method of giving a metallic co- 
„Aliud (vitrum) flatu figuratus, aliud tor- 
no teritur, aliud argenti modo cælatur, Sy- 
done quondam us officinis nobili, ſiquidem 


etiam ſpecula excogitaverat.— Hiſt. Nat. L. 
XXXVI. 


vering 


: ( 251, ) 

vering to plates of glaſs been known, 

at leaſt to the Romans (for it might 
have been known in Ala long before 
it was known in Tlaly), it ſeems 
probable, that the metallic ſpecula 
would have fallen into general diſ- 
uſe, much ſooner than there is cauſe 
to think they did, for it would have 
been much eaſier to make a looking- 
glais, than to poliſh a metallic mir- 
ror; and the image from the glaſs 
would have been ſuperior to that 
from the metal, and on both ac- 

counts the mirrors would have be- 
come unfaſhionable. 
The firſt mode of fixing a coat of 
{in on a looking-glaſs, I ſuſpect to 
have beenthat of pouring the melted 
metal on the glaſs ; and I have ſome 
reaſon, not now to be inſiſted on, to 
think, that this mode was not diſuſed 
in the fourteenth century. Baptiſta 
1 5 Porta 


E 1 
Porla lived in the fifteenth, and died 
towards the beginning of the fix- 
teenth century ;. he gives us a very 
accurate deſcription * of the man- 
ner in which looking-glafles were 
then ſilvered; it differs from that 
now in uſe only in this, that the tin- 
foil, when ſilvered, was taken up, 
and gently drawn upon the glals. 
J. Maurice Hoffman publiſhed his 
Acta Laboratorii Chemiei in 1719; 
he there ſpeaks of a mixture of 1 
part of tin with 3 of quickſilver, 
which ſome time ago, he ſays, was 
uſually applied to the back ſurfaces 
of looking-glaſſas ; although the 
Fenetians did then make looking- 
glaſſes by pouring quickſilver upon 
tin-foil placed on the back ſurface 
' of theglaſs.—Thismode of ſilvering 

* Magia Nat. L. IV. c. XVIII. 

15 Pas. 245. 


the 
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the glaſs was not nen invented by the 
Venetians, as appears from what 
Baptiſta Porta had advanced above 
two hundred years before; though 
the mode of ſilvering the tin: ſoil, 
when laid upon the glaſs, was an 
improvement on that preſcribed by 
Baptiſta Porta, juſt as the mode now 
in uſe is a great improvement on 
that practiſed by the Venetians in 
the time of Hoffman. 

The men who are 1 in 
ſilvering looking-glafſes often be- 
come paralyt ic, as is the caſe alſowith 
thoſe who work in quickfilver mines; 
this is not to be wondered at, if we 
may credit Mr. Boyle, who aſſures 
us that mercury has been ſeveral 
times found in the heads of artificers 
expoſed to it's fumes*. In the Phi- 


* Boyle's Works, Vol. III. p. 330. 
loſophical 


( 254 ) 
tolophical Tranſactions, “ there is an 
account of a man, who having ceaſed 
working in quickſilver for ſix months, 
had his body ſtill ſo impregnated 
with it, that by putting a piece of 
copper into his mouth, or rubbing it 
with his hands, it inſtantly acquired 
a ſilver colour. This, though a ſur- 
priſing, is not a fact of a ſingular na- 
ture; it is well known that ſulphur, 
taken inwardly, will blacken ſilver 
which is carried in the pocket; and 
I have ſomewhere read of a man 
whoſe keys were ruſted in his pocket, 
from his having taken, for a long 
time, large quantities of dilutedacid 
of vitriol. I remember having ſeen, 
at Birmingham, a very ftout man 
rendered paralytic in the ſpace of fix 
months, by being employed 1a fixing 
* 1665. 
FR 


„ 


an amalgam of gold and quickſilver 


on copper; he ſtood before the 


mouth of a ſmall oven ſtrongly heat- 
ed, the mercury was converted into 
vapour, and that vapour was inhaled 
by him. A kind of chimney, I be- 
lieve, has of late been opened at the 
farther fide of the oven, into which 
the mercurial yapour 1s driven, and 
the health of the operator is attended 
to. The perſon I ſaw was very ſen- 
fible of the cauſe of his diſorder, but 


had not courage to withſtand the 
temptation of high wages, whichen- 
abled him to continue in a ſtate of 


intoxication for three days in the 
week, inſtead of, what is the uſual 
practice, two. 
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Of the Tranſmutability of Water 
mt karth, 


IR 1/aac Newtonand Dr. Bentley 
met accidentally in London; and 

on Sir Iſaac's inquiring what philo- 

| ſophical purſuits were carrying on at 
Cambridge, the Doctor replied, None 
for when you go a-hunting, Sir 
Iſaac, you kill all the game: you 
have left us nothing to purſue. Not 
ſo, faid the philoſopher ; you may 
. ſtart 


( 258) 

ſtart a variety of game in every buſh, 
if you will but take the trouble to 
beat for it. And ſo in truth it is; 
every object in nature affords occa- 
ſion for philoſophical experiment; 
and every experiment which is made, 
even with an expreſs view to any 
particular inveſtigation, incigentally 
ſuggeſts matter for new inquiry. 
But as in contemplating the civil 
| hiſtory of the world, we are under 
the neceflity of being contented 
with abridgements of it's ſeveral 
parts, with remembering the great 
revolutions which have in fact taken 
place, without minutely exploring 
all the ſecret cauſes, all the for- 
tuitous circumſtances by which 
they were effected; ſo in the preſent 
ſtate of experimental philoſophy, we 
muſt reſt ſatisfied, as to many ſub- 
jects, with Kagan the general con- 
| SS cluſions, 


„ 
cluſions, without attempting to ſcru- 
tinize all the particular experiments 
on which they are founded. All 
the works of the writers of Greece and 
Rome, which have come down toour 
time, do not equal a third part of the 
bulk of thoſe which have been pub- 
liſned by individuals, and by the ſeve- 
ral philoſophical ſocieties of Europe 
on experimental philoſophy alone, 
fince the middle of the laſt cen- 
tury : nor does the nature of things 
preſcribe any limit to human in- 
duſtry, exerted in the proſecution 
of fuch 1nquiries. There 1s not an 
animal or a vegetable ſubſtance that 
we feed on ; nor a faline ſubſtance 
that we taſte; nor a beverage that 
we drink; nor the air that we 
breathe; nor a metal that we handle; 
nor a ſtone that we tread on, but 
what may furniſh matter for an 
AA. infinity 


ao 3 
1nfinity of experiments. What a 
ſource of natural knowledge is water 
alone ! Who can underſtand all the 
properties that belong to it as a 
body, that 1sfluid in a certain degree 
of heat; ſolid in a leſs; and con- 
vertible into an elaſtic vapour of-in- 
credible force in a greater ; as capa- 
dle of diſſolving all kinds of ſalts; as 
- abſorbing and detaining in it's ſub- 
ſtance the air of the atmoſphere ; as | 
being itſelf abſorbed by, and ſuſ- 
pended in the air; as conſtituting 
the principal part, not only of blood, 
urine, milk, wines, oils, ſpirits, and 
all fluid bodies; but as entering, in 
a large proportion, into the conſtitu- 
tion of the ſolid parts of all animal, 
and vegetable, and of many mineral 
ſubſtances; as being reſolvable, ac- 
<ording to the moſt recent diſcove- 
OY ries, 
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ries, into two different ſorts of air; 
and as being tranſmutable into earth? 
It is concerning the experiments 
which have been made relative to 
this laſt property, that I mean, in 
this Eſſay, to give a brief hiſtorical 
account. Men advance very ſlowly 
in the attainment of phyſical know- 
ledge : the trouble of makingexpe- 
riments is great, but ſhort relations of 
their reſults cannot fail of being en- 
tertaining to minds imbued with any 
taſte for ſuch kind of inveſtigation ; 
and there are few queſtions of greater 
importance in the eſtimation of ſpe- 
culative philoſophers, than that 
which reſpects the tranſmutability of 
water into earth. If but one par- 
ticle of water can by any means be 
changed into a particle of earth, the 
whole doctrine of the Peripatetic 

R 3 | lect, 


(_ 26s } 
ſect, concerning the Elements of 
things, will be utterly ſubverted: 

the diverſities of the bodies ſubſiſt- 
ing 1n the univerſe, will no longer be 
attributed to the different com- 
binations of earth, air, fire, and 
water, as diſtin, uncompounded, 
immutable principles; but to the 
different magnitudes, figures, and 
arrangements of particles of matter 
of the ſame kind. | 

Thoſe who maintain the tranſmu- 
tability of water into earth, ſupport 
their opinion, principally, by argu- 
ments deduced from the reſult of two 
very different kinds of experiments. 
In the one they appeal to the mecha- 
niſm of nature, and contend, that 
vegetation, however inexplicable it 
may be in i it's manner of operation, is 
certain in it's effect, and invariably 


changes water into earth. In the 
1 other, 


| ( 
other, they have recourſe to the aſſiſt- 
ance of art, and by ſo ſimple a proceſs 
as that of diſtillation, indefinitely re- 


peated, they hold it poſſible to ex- 


hibit any determinate quantity of 
water under the form of a white, im- 
palpable, opake, inſipid powder. 
When the vaſt genius of Bacon had 
rendered the authority of Arifotle 
les reſpectable, and men's minds 


were every where alarmed with a ſuſ-· 


picion, that Truth and He might 
poſſibly be on different ſides; ſeve- 
ral appearances in nature, which had 
either eſcaped the obſervation, or, 

from ſeeming repugnant to the 
eſtabliſhed maxims of the Schools, 
had been deemed unworthy the 
animadverſion of philoſophers, be- 
gan to be examined with a minute 

attention: we have an inſtance of 
TH 4. the 
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Tf #64 } 
the truth of this obſervation in the 
ſubject before us. 

The pureſt water could never have 
been wholly diſtilled in glaſs veſſels, 
but the operator might have had an 
opportunity of obſerving a thin pel- 
licle of earth tarniſhing the tranſpa- - 
rency, and adhering to the bottom 
of the veſſel employed in the proceſs; 
This appearance is conſtant, it pre- 
ſents itſelf not only when the water 
15 firſt diſtilled, but after it has been 
purged, as much as poſſible, from 
every foreign impurity by reiterated 
diſtillation. Yet notwithſtanding the 
invariable uniformity of this pheno- 
menon, I know not whether it was 
noticed by any one before Borrichius, 
as furniſhing an incontrovertible 
: m-_ of the tranſmutability of water 
into 


( 266) 
into earth. Why, ſays he, ſhould we 


dwell upon the poſſibility of chemi- 


cal principles being converted into 


one another, when the very elements 


of Ariſtotle are not exempt from 
change? He then proceeds to ob- 


ſerve, that water, how frequently ſo- 
ever he had diſtilled it from freſh 
_ glaſs veſſels, ſtill left at the end of 


each ſucceſſive operation, a ſlender 
coating of earth ſticking to the ſide 
of the veſſel; and he attributes the 
production of this earth, not to any 
extraneous impurity accidentally 
mixed with, and obſtinately adhering . 
to thewater, but to a tranſmutation 
of the water into a true, firm, fixed, 


inſipid earth“. In laying that Borri- 
chius 


Et quid chemica moramur? Ipſa Ariſto- 


celis elementa non ſunt ab his immunia mu- 


tationibus. 
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chius was the firſt perſon who made 
this obſervation, I may, perhaps, be 
guilty of ſome inaccuracy. The im- 
primatur for Borrichius's book, here 
referred to, is dated at Copenhagen in 
1673: now it is certain, that Boyle's 
treaties concerning the Origin of 


tationibus. Enimvero aqua, etiam limpidiſ- 
ſi ma, et, ſt placet, vel decies per diſtillatio- 
nes ab omni fæce libera in veram, firmam, 
fixam, et inſi pidam terram mutabitur, ſi ean- 
dem iterum, iterumque frequentiſſimè ex re- 
centibus ſemper vaſis vitreis lente deſtillando 
evoces; quavis enim vice tenella quædam 
cuticula terrea, ſed elegans, ex aqua illa 
enata ſuperficiei interiori vitri agglutinabi- 
tur, quodfrequentibus experimentis didici; 
cumque illud ipſu mante hos X annos nar- 
rarem Cl. Oxonienſis Academiæ Medico 
Edmundo Dickenſatino, idem fibi comper- 
tum centeſima deſtillatione aſſeruit. Her- 


metis Egypt. et Chem. Sapien. per Ol. Bor- 
zichium, p. 397. ; 
35 Qua- 


( a}. 

Qualities and Forms, in which the 
tranſmutation of water into earth by 
diſtillation is diſtinctly mentioned, 
was publiſhed at Oxford in 1666; 
yet as Borrichius had ſpoken of this 
experiment to a phyſician at Oxford 
ten years before he publiſhed his 
book, and as it is very probable that 
Boyle was unacquaipted with this ex- 
periment when he firſt publiſhed his 
Sceptical Chemiſt in 1661, Borri- 

chius may, perhaps, be properly 
enough eſteemed prior to Boyle in 
the invention and application, 
though poſterior to him in the pub- 
lication of the experiment. 

Boyle, however, examined the mat- 
ter with greater preciſion than Bor- 
richius had done. In his treatiſe- 
concerning the Origin of Qualities- 
and Forms, he acquaints us with the- 

| firſt 


( 268 
firſt occaſion of his making the ex- 
periment*, A gentleman who, in 
order todiſcover thegrand arcanum; 
had employed, among other things, 
great quantities of purified rain wa- 
ter, complained to him, that, inſtead 
of obtaining what he looked for, he 
met with a great deal of a whitiſh ex- 
crementitious matter, which he knew 
not what to make of. The great 
plenty and ſome peculiar qualities of 
this matter, which had ſo much per- 
plexed the old chemiſt, ſuggeſted to 
Mr. Boyle a ſuſpicion, that it was 
not owing to any accidental foulneſs 
of the water, and put him upon try- 
ing. whether water, which had been 
previouſly purified by diſtillation, 
would not, by being re-diſtilled, 
leave, at the end of the operation, 
a portion of earth. The reſult of his 
* * Boyle's Works, fol. Vol. II. p. 51 9. 
| ex- 


{ 269 ) 

experiment confirmed him in his 
conjecture, that the earthy powder 
obtained by diſtilling rain water, 
might be a tranſmutation of ſome 
parts of the water into earth: and 


he was much ſtrengthened in this 
belief by converſing with a phyſician - 


- (probably the ſame perſon men- 


tioned by Borrichius), who aſſured 


him, that he had frequently found a 


white earth in diſtilled rain water, 


even after he had diſtilled the ſame 
numerical liquora great many times. 


Boyle ſeems to have been very cau- 


tious in admitting this t ranſmuta- 
tion, the oddneſs of it he owns ſtill 
kept him in ſuſpenſe; and it was 
not without much delight, that he 
was informed by an ingenious per- 


ſon of unſuſpected credit, who, with 


a medical view, had been long 
working upon rain water, that wa- 
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ter which he had diſtilled near o 
hundred times, full afforded a white 
earth; and that more coproufly, at 
leaſt more conſpicuouſly, in the lat- 
ter diſtillations, than in the former. 
This gentleman out of one ounce 
of diſtilled rain water had obtained, 
by reiterated diſtillation, near three 
quarters of an ounce, if not more, 
of earth. The phyſician Dicken/or, 
mentioned by Borrichius, was pro- 
bably the perſon alluded to by Boyle 
in this account; for Houghton ſays 
in his collection, I have heard that 
Dr. Dickenſon has turned eighteen 
parts of water out of twenty parts into 

earth, only by repeated diſtillation.“ 
Yet, even this account, conclufive 
as one might think it, could not ex- 
tort from Boyle a full conviction of 
the 6 of tranſmuting water 
into 


. 

into earth by diſtillation; be calls 
the hypotheſis a bold conject ure, 
and expreſsly mentions ſome ſcruples 
Which ſtill remained with him. 
Two of theſe ſcruples are worthy of 
particular notice, inaſmuch as they 
contain the two principal objections, 
which have been made, by ſubſe- 
quent philoſophers, to the doctrine 
which he endeavoured to eſtabliſh. 
The firſt reſpects the vefe!sin which 
the experiments had been uſually 
tried; the ſecond has relation to 
the water itſelf.—“ It were fit to 
know, ſays he, whether the glaſs 
body, wherein all the diſtillations 
are made, do loſe of it's weight, any 

thing near ſo much as the obtained 

powder amounts to.” —And again, 
„ could wiſh that it were de- 
monſtrably determined, what is on 
all hands taken for granted, that 
| _ 
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diſtilled rain water is a . 
homogeneous body *.“ 

It does not appear that Boyle was 
ever fully ſatisfied with reſpect to 
theſe doubts; he reſumes indeed the 
ſubject in a tract, entitled, Experi- 
ments and Notes about the produce- 
ableneſs of Chemical Principles, 
publiſhed at Oxford in 1680, and 
mentions a new trial which he had 
made; yet he there repeats his 
ſcruple concerning the homogeneity 
of water; and though upon the 
whole he appears willing to believe, 
that water might be tranſmuted 
into earth by diſtillation, and the 
nature of his ſubject led him to 
make the moſt of ſo remarkable an | 
experiment, yet he candidly owns, 
that ſome of his experiments afforded 
ſtrong probabilities, rather than 
concluſive proofs. 


Id. p. 522. N 
Not- 


[ any }) 2 
Notwithſtanding the diffidence 


with which Boyle himſelf propoſed 


his opinion concerning the tranſmu- 
tability of water into earth, it appears 
to have been very generally admitted 
from his time to Boerhaave's ; and 


even Newton * ſo far believed it, as 


to think it poſſible that water might 
be made red-hot . ca 
\ 7, 6. 7 4,2" 4 _ 
Water by frequent diſtillation changes 
into fixed earth, as Mr. Boyle has tried, and 
then this earth being enabled to endure a 
ſufficient heat, ſhines by heat like other bo- 
dies.“ Newton's Optic. Quz. 

+ Another method is mentioned, by which 
water may be made red-hot. If a ſpoonful 
of water bethrown upon the ſurface ofa large 


quantity of melted glaſs, in a glaſs-houſe fur- 


nace, it will aſſume a globular form, and ap- 
. pear to roll about on the ſurface of the glaſs 
as if it was a melted metal; it will make no 
exploſion, but becoming red-hot, it will by 
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( 274 ) 
. Boerhaave, oppoled the general 
perſuaſion || ; he did not deny, that 
earth wasalways found at the bottom 
of the glaſs veſſel in which water 
had been diſtilled, nor. that the 


little and little bediminiſhedin bulk, and at 
length be totally diſſipated“ . The author of 
this obſervation attempts to explain the phe- 
nomenon ; M. Boſe d Antic + thinks the ex- 
planation improper; but he allows the ex- 
iſtence of the little globes, and ſays they are 
hollow, and of an earthy nature : when this 
appearance has been more fully examined, it 
is probable that it will be conſidered as an 
argument in ſupport of the tranſmutability of 
water into earth; though Dr. Prieſtley has 
remarked, that water, after being heated 
red-hot, was ſtill water, there being no 
change in it's ſenſible properties.“ * 
Boer h. Chem. Vol. I. p. 627. 
 * Rozier's Journ. Jan. 1778. | 
; + Oeuvres de M. B. d' Antic, Vol. II. p. 276. 
» 2 Phil. Tranſ. 1785, p. 291, 


quan- 


VVV 
quantity of earth was conſtantly in- 
creaſing with the increaſe of the 
number of diſtillations which the 
water had undergone; but he 


thought that this earth did not pro- 


ceed from the water itſelf, but from 
the duſt which is always floating in 
the atmoſphere, eſpecially in the 


atmoſphere of elaboratories. It could 


not be imagined, that the atmoſphere 
included in the veſſels uſed for diſtil- 
lation, could furniſh any conſider- 
able quantity of duſt in one operation; 
yet being renewed by the opening 
of the veſſels, as frequently as the 
diſtillation was repeated, it ſeemed 
to him to be a cauſe fully adequate 
to the effect. - | 
It is a matter of wonder, that Boer- 
haave ſhould aſſign ſuch a reaſon for 
this phenomenon, conſidering the re- 
ſult of an experiment mentioned by 
ol * 
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Boyle, in which he expoſed the ſame 
water, in the ſame veſſel hermetically 
ſealed, to a digeſtive heat for above a 
year: after it had continued a good 
while, little concretions heavier than 
the water, began to be formed, and 
he expreſsly remarks, that the longer 
the glaſs was kept in the digeſtive 
furnace, the more of this fine terteſ- 
trial ſubſtance was produced; an 

When the neck or hollow ſtem of a glaſs 
veſſel is ſo ſoftened by fire, that the two ſides 
of it may be pinched together, the veſſel is 

ſaid to be hermetically ſealed ; thus the upper 
end of the tube of a mercurial thermometer 
is hermetically ſealed. —A digeſtive heat is, 
in general, any degree of heat above that in 
which water freezes, and below that in which 
it boils: but 150 of Fahrenheit's ther- 
mometer is commonly called a digeſtive 
heat. The operation called digeſtion, con- 
ſiſts in expoſing liquids, or liquids and 
| ſolids, to a digeſtive heat in ſuitable veſlels 
for a due time, | 


5 . fo > event 


CE 
event impoſſible to be explained 
from the duſt floating in the at- 


moſphere, as the veſſel, by being 


hermetically ſealed, effectually ex- 
cluded the minuteſt particle of duſt 
from coming in contact with the 
water. 3 

Though this experiment, properly 
conſidered, was certainly concluſive 
againſt Boerhaave's hypotheſis, yet 
 Marggrafundertook toſhewit's1n- 


ſufficiency in another manner *. He 


contrived a retort and a receiver of 
the ſame piece of glaſs, and through 
an hole in the receiver, which he af- 
terwards cloſed with a glafs ſtopple, 


he poured an ounce of water which 


had been carefully diſtilled thirteen 
times : this water he re-diſtilled, 
without ſuffering any air to enter into 

* Opuſ. Chy. de M. Marggraf, Vol. II. 
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„„ 
the retort, thirty times more, and 
obſerved that the water, which was 

at firſt exceedingly tranſparent, be- 
came more and more troubled by 
the admixture of a fine white earth, 
as the number of diſtillations was 


2 5 2 = « wt _ = 2 „ + 
fo E. *. * . 
2-4. 45k one GT Abdi dat dt A iz — 4 
— # 
- 


increaſed. The refutation of Boer- 
haave's hypotheſis, was not the on- 
ly point which Marggraf had in 
= view in making his experiments on 
= water; he was deſirous alſo of obviat- 


ing the objections of thoſe who were 
diſpoſed to attribute the origin of 
the earth to an abraſion of the parts 
of the glaſs, rather than to a tranſ- 
mu tation of the particles of water. 
In order to this, he has not only re- 
marked, that the veſſels in which 
he had diſtilled water to frequently, 
were, as far as microſcopes could 
inform him, as perfectly poliſhed as 
4 when 


„ 
when new, and that they were of 
the very beſt ſort of glaſs, in which 
pirit of ſalt might be kept for many 
years without it's injuring them, 
but he has ſhewn that fire is not eſ- 
ſential to the production of the 
effect; an earth being ſeparable from 
diſtilled water by the ſimple action 
| of the ſun evaporating the water, 
and even without any. heat by a 
long continued agitation. Sir Iſaac 
Newton was of opinion, that the 
water upon the ſurface of the earth 
was daily diminiſhed by vegetation ; 
and if we may rely upon theſe ex- 
periments of Margeraf, we lee that 
there are two other cauſes which 
have a tendency to produce theſame 
effe& ; for the water of -the ocean 
is inceſſantly raiſed into the at- 
moſphere by evaporation, and agi- 
tated by the action of the winds 
. 84 and 
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Ga}. 
and tides ; and if it be by both theſe 
cauſes converted in part into earth, 


we may admit that the Caſpian ſea 
is leſs now than it was formerly, and 


that the Mediterranean ſea has re- 


tired from the coaſts of France, 
Spain, Portugal, and Italy, without, 


having recourſe, with Buffon, to 


the finking of immenſe caverns with- 
in the bowelsof the earth, into which 


the ſea has from time to time re- 


tired. With reſpect, however, to 
this ſuppoſed diminution of the ſea, 
it may be obſerved, that it is well 
underſtood that the ſea has encroach- 


ed upon the ſhore in ſome places, 


and deſerted it in other; but I do 


not know whether geographers are 
able, on ſolid grounds, to ſay, whe- 
ther the quantity of land throughout 


the whole globe is, or is not, the 
fame now that! it was 4000 years ago. 
M. Eller 


- (4.00 
M. Eller had, in 1746, obtained 
earth from water by triturating it in 
a glaſs mortar * and Wallerius, in 
1760, with a view of removing the 
ſuſpicions of Pott, who thought the 


earth proceeded from the mortar it- 


ſelf, varied in ſome meaſure Eller's 


experiment by triturating water in 
mortars of iron and bronze. The 


old proverb gutta cavat lapidem— 


would render experiments of this 


kind very ſuſpicious, if the authors 


did not aſſure us, that the earths ob- 
tained by trit uration, were not of the 


nature of the veſſels in which the e- 
periments were made: and Marggraf 


alſo affirms, that the earth which he 

procured from water by repeated di- 
Mem. de PAcad. de Berlin, 1746. 

+ Recueil des Mem, de Chy. Vol. II. p. 

542. 1 
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ſtillation, had properties very dif. 
ferent from thoſe of pounded glaſs. 
In oppoſition to the opinion of 
theſe philoſophers, M. Le Roi has 
undertaken to ſhew*, that the very 
experiments produced by Marggraf 
and others, in proof of the tranſmu- 
tability of water into earth, do not, 
though they be admitted in their 
full extent, ſufficiently eſtabliſh the 
fack. His reaſoning turns chiefly 
upon the ſecond of Boyle's ſcruples 
before mentioned : he apprehends 
that rain water ought not to be 
eſteemed an homogeneous fluid, but 
that it contains an earth ſubtilely 
mixed with, ordiffolved in the water, 
from which it cannot be ſeparated by 


«Emu 


any number of diſtillations, however 
great. Marggraf himſelf was quite 
* Hiſt, de Acad, des Sciences à Par. 1767. 

8 ; aware 


( 283 ») 
aware of this difficulty; he ſays he 
ſuſpected, that water, which had been 


diſtilled but once by the retort, 


might probably contain ſome portion 
of attenuated earth which had riſen 
in the diſtillation, but which did not 
belong to the water; and he there- 
fore diſtilled the water, on which he 
made his experiment, thirteen times, 
and ſix of them with the gentle heat 

of boiling water. That rain water, 
collected with every poſſible precau- 
tion, contains not only a portion of 
earth, but ſmall quantities alſo of the 
acids of nitre and ſea- ſalt, is proved 
beyond a doubt by the experiments 
of Marggraf himſelf; the only point 
in diſpute is, whether theſe heteroge- 
neous admixtures can be ſeparated 
from water by reiterated diſtillation 
or not? M. Le Roi thinks, that 
| they 
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(a. 3- 
they cannot; according to him the 


vapour of water, which riſes i in diſtil- 
lation, carries with it a portion of the 


impurities contained in the water. 


This objection may recur for ever, 
let the number of diſtillations be 
what they may: nothing ſhort of a 
complete tranſmutation of a definite 
quantity of water can wholly ob- 
viate it. | 

Ihe experiment before mentioned, 
in which Boyle's friend obtained from 


an ounce of water, near three quar- 


ters of an ounce of earth by 200 di- 
ſtillations, approaches the neareſt of 
any that has ever been made to a 
complete tranſmutation: but this ex- 
periment has of late been conſidered 


by M. Le Roi and others, as meriting 


no manner of attention; principally 


becauſe! it does not correſpond with 


ſimilar 


( 235 ) 

ſimilar experiments of more modern 
chemiſts, eſpecially of Marggraf, 
whoſe accuracy is above all queſ- 
tion. He could not obtain from 72 
ounces of pure rain water, by 13 di- 
ſtillations, above 12 grains of earth; 
a quantity very inconſiderable, in 
compariſon of what it ought to * 
have been, in order to have agreed 
with the quantity obtained by Boyle's 
friend. 

Ihave no intention to enter into a 
formal defence of this famous expe- 
riment mentioned by Boyle; it may 
be obſerved, however, that neither 
Marggraf, nor any other chemiſt, 
ever diſtilled the ſame identical water 
ſo frequently, as the author of this 
experiment did* : his relation of it 
then, 


#* This obſervation i is not, Lbehieve, true; 
: : Boer- 
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( 286 ) | 
then, it is evident, is not contradict- 


.ed from obſervation, but from in- 
ference, and the inference has been 
founded on a principle, rather taken 
for granted, than proved. The prin- 
ciple is this,—that if any number of 


diſtillations, ſuppoſe ten, yield a cer- 


8 


tain portion of earth, twenty times 
that number, or 200 diſtillations, 


would yield twenty times as much, at 


leaſt not more, earth. Now there 


are ſome reaſons to believe, that this 


Principle is not true ; for not to in- 
ſtſt on what Boyle, however, inti- 
mates, of the earth being more plen- 


Boerhaave is ſaiĩd to have diſtilled the fre 


water 5oo times: Ihave not ſeen all the works 
of Boerhaave, nor does the author, who 


makes this remark concerning him, refer to 


the particular part of his works where 
the fact is mentioned. Fourcroy's Chem. 
Eng. Tranſ. Vol. I. p. 115, 


tifully 


( OF. —- 
tifully afforded in the latter diſtilla- 
tion, than in the former, Marggraf 
himſelf has made two obſervations, 
which, when taken together, ſeem 
to prove the ſame thing. He affirms, 
and Wallerius agrees with him, that 
more earth is ſeparated when water is 
kept boiling with a frong than with 
a gentle heat; and he obſerves alſo, 
and eſteems it a fact altogether ſin- 
gular, that water, which has been 
fen diſtilled, requires for it's eleva- 
tion, eſpecially towards the end of 
the operation, when but a ſmall quan- 
tity remains in the retort, a degree of 
heat exceedingly ſtrong, when com- 
pared with that which any other wa- 
ter requires“. From theſe obſerva- 

tions 


c 7 pendant 1 diſtillation, il faut entre- 


tenir continuellement l'eau que la retorte 
2 con- 
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tions T would argue thus: if it be 


true, that more earth is ſeparated 
when water is diſtilled with a frong 
than with a gentle heat; and if it be 
true alſo, that the degree of heat ne- 
ceſſary to diſtil water is fronger, as 
the number of diſtillations it has 


_ Previouſly undergone is greater, will 


it not be a juſt conſequence, that 


the quantity of earth ſeparable by a 
Angle diſtillation, or by any definite 


continent, dans une forte coction. On trou- 
vera que, parce moyen, il le ſẽpare toutes 
les fois plus de terre de l'eau que quand la 
diſtillation ſe fait lentement.— On doit re- 
marquer comme quelque choſe de tout-à· fait 
particulier, que plus ſouvent une ſemblable 


_ eau eft diftillee, et plus l' operation devient 


difficile, ſour tout a la fin, quand une parte 
de la liqueur a diftille ; car alors le rẽſidu 
demande un degre de feu très-vẽbement en 


comparaiſon de toute autre eau. Opuf: de 


_ Vol. II. p. 193. 
nmum- 


Ca ) 
number of diſtillations, will be greater 
as the number. of previous diſtilla- 
tions has been greater? If this be 
admitted, it eaſily follows, that the 
quantity of earth ſeparable by 200 
diſtillations, cannot be properly cal- 
culated by the rule of proportion, 
from what actually has been ſepa- 
rated by 13, or any other number of 
diftillations ſo greatly ſhort of 200. 
Moreover, this experiment is not- 
deſtitute ofa kind ofeollateral proof; 
for Wallerius has obſerved, that the 
quantity of earth, which he obtained 
by triturating a certain quantity of 
water in a glaſs mortar for four days, 
agrees pretty exactly with the quan- 
tity procured by the 200 diſtillatson 8 
mentioned] by Boyle. 

M. Lauoiſier rejects the notibwef | 


F? 


_ *'Hift. dePAcad. des Scien- Paris, 1770. 
VOL. IV. N f 8 | ; the 


( 0) - 
the tranſmutability of water into 
earth by diſtillation, as well as M. 
Le Roi; but he rejects it upon dif. 
ferent principles: he has endeavour- 
ed to remove the other {cruple men- 
tioned by Boyle, and has done, what 
it is ſurpriſing no chemiſt ever thought 
of doing before his time, conſidering 
that the hint had been given above 
100 years ago; he has weighed the 
glaſs veſſel in which the operation 
was performed, and has found that 
it's weight after the operation is leſs - 
than it was before the operation; and 
this loſs of weight he attributes to 
the abraſion, or ſolution of the parts 
of the glaſs. M. Lavoiſier's experi- 
ment reſembles that of Boyle before 
mentioned, in which water was ex- 
poſed to a digeſting heat, in a veſſel 
| hermetically ſealed; but he conduct- 
ed 


14 2} 

ed it with more accuracy. I have 
three reaſons for heſitating concern- 
ing M. Lavoiſier's opinion, which 
refer's the earth found in the veſſel 
after the diſtillation of water, to the 
abraſion of the glaſs. In the firſt 
place, the earth procured by diſtilla- 
tion is not of the ſame kind, has 
not the ſame chemical properties, 
as pounded glaſs has. Secondly, 
M. Lavoiſier did obtain 3 grains of 
earth, above the loſs of weight which 
his veſſel had ſuſtained, and this 
quantity may, perhaps, be as much 
as ought to be expected from ſuch 
an experiment, ſuppoſing that water 
is convertible into earth; for the 
heat he made uſe of in the operation 
was ſmall. And laſtly, I have ſlowly 
diſtilled water in a filver retort, and 
afterwards evaporated the diſtilled 
T1 Wa- 


(292) 
water on a poliſhed ſilver plate; there 
remained on the plate a ſmall pelli- 
cle of earth. When a drop of wa- 
ter, ariſing from the vapour con- 
denſed in the top of a ſilver tea vaſe, 
happens to fall upon the body of the 
vaſe, it is preſently evaporated; but 
it always tarniſhes the ſpot on which 
it has fallen. I am aware it may be 
| contended, that the earthy pellicle in 
_— both theſe caſes may be attributed 
to aprecipitation of the duſt floating 
in the atmoſphere, or to an attenuat- 
ed earth, which is mixed with the 
water, and carried up by the vapour. 
On the whole, the poſſibility of con- 
vert ing water into earth by diſtilla- 
tion, remains, I think, ftill an unde- 
cided problem: M. Lavoiſier's expe- 
Timent ſtaggers the confidence Thad 
repoſed in the nnn of Marg - 
graf, 
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it; but it muſt be repeated with 
fucceſs before it will utterly ſubvert 


- 


With reſpect to the converſion of 
water into earth by vegetation, many 
philoſophers of great eminence have 
admitted ĩtwithoutfcruple. Van Hel- 
. mont* derived not only vegetables, 
but all ſubſtances whatever from wa- 
ter, and boaſted that he was the firſt 
author of that hypotheſis. It may be 
- obſerved, however, that in the earlieſt 
fyſtems of philoſophy, we have the 
plaineſt alluſions to this doctrine, and 
tothe Moſuir account of the creation. 
Thus Bero/us,' the famous prieſt of 
Babylon, held water-and darkne/s$ 


Ol De Lithiaf, Gato th IV.—Af ad me 
-uſque neſcitum fuit, cun&a corpora, que 
miſta creduntur, materialiter duntaxat ex 
fola aqua eſſe, nullo excepto. | 


13 dar- 


„ 
{darkneſs was upon the face of the 
deep, Gen. i. 2.); the Pheniciansdark- 
neſs, a chaos, and wind; the Perſians 
light, to have been the firſt principles 
from which all things proceed. d. 
The moſt ancient Greeks, if the opi- 
nion of Homer be of any weight in 
this matter, derived the origin of all 
things from water : this doctrine was 
followed about 300 years afterwards 
by Thales of M iletus; who, travelling 


4nto Egypt, and converſing, as Dio- 


genes Laertiustells us, with the prieſts 
of that country, heard from them, 


probably, ſome tradition concerning 
the creation; by which means he im- 


* » 


proved much upon the poet, teach- 


ing, as Cicero obſerves, Deum eam 


menlem effe, qui ex aqua omnia finge- 


ret. | 
Van Helmont* produced a ſingu- 


* Opera omn. p. 105. 


lar 


( 295 ) 
lar experiment in ſupport of his opi- 
nion, that water becameearth by ve- 
getation. He took an earthen veſſel, 
and put into it 200 pounds weight of 
earth, which had been previouſly 
dried in an oven; hewetted the earth 
withrain water, and planted 1n it the 
trunk of a willow which weighed five 
pounds. In the ſpace of five years, 
the willow weighed 169 pounds 3 
- ounces: the earth was watered, when 
it was neceſſary, during the whole of 
the time, with either rain or diſtilled 
water; the veſſel was ſpacious, and 
was ſunk into the ground, and, to 
prevent any duſt from falling into it, 
it's mouth was covered with tin plates, 
which were pierced with many holes. 
No account was taken of the leaves 
which fell in four ſucceſſive autumns. 
The earth was taken out of the veſ- 

| — S ſel, 


ſel, dried, and weighed at the expira- 
tion of the five years, and it had loſt 
only about 2 ounces, ſo that 164 
pounds of wood, of bark, and of 
roots, of which the tree conſiſted, 
had ariſen from the water. I have 
related this experiment at fulllength, 
as it is the firſt of the kind which 
was made, and is as concluſive as 
any of thoſe which had been made 
ſince by Boyle, Du Hamel, Kller, and 
others. Beccher admits the. fact as 
ſtated by Van Hlelmonl, but he objects 
to the concluſion.; water, ſays he; 
will never become. eartli, except ſo 
far as it carries ſame earthy particles 
along with it*. M. Le Roi adopts 
05 3377, | the 
nec ſufficit ſolis verbis omnium rerum 
originem aquæ tribuere, aut experimentum 
Kelmontii in vegetatione arboris, quod Ro- 
bertus 
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the fame notion, when he attributes 
the increaſe in the weight of the wil- 
low, to the earthy and faline particles 
from which water cannot be freed, 
even by diſtillatien. It is, moreover, 


well known, that plants fuck in nu- 
triment from the air by their leaves, | 


bertus Boyle m Chemiſta Sceptico citat. 
Aqua profecto nunquam terra fiet niſi 1 in 
quantum corpuſcula terfea fecuin vehat. 
Beccher.Phy. Snb. p. 87.-—Calcined plaſter- 
ſtone, and the materials uſed in making. 
earthen ware, abſorb x much water, and are. 
increaſed in we ght, as vegetables are by ab- 
ſorbing water in vegetation; and ſomè are 
of- opinion, that water, by being. united to 

what is called (from the ſubſtance which 


yields it by a peculiar proceſs Jparry. acid, 


may be changed i into a flinty earth ; but in 
all thefe; and in other ſimilar caſes; it may 
bequeſtioned, whether the partjclesof water 


may not be 4»þolly diſunited from he ſub- 
ſtances with which they are combined, and 


again exhibited under the form of water. 


a 
— 


» 
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and this nutriment is not a pure wa- 
ter, ſince the pureſt atmoſpherical 
water contains both oi, /aline, and 
earthy principles, if we may truſt the 
analyſes which haye been made of it. 
In addition to this remark, I would 
obſerve, that though the willow gain- | 
ed an increaſe of 164 pounds in 
weight, yet a very ſmall portion of 
that weight was earth; ſince much 
the greateſt part of all vegetables, 
and eſpecially of fucculent ones, con- 

ſiſts of water and air, I cut a leaf 
from the mitre aloe, it weighed 1644 
grains; it was cut in ſlices, and ex- 
poſed to the heat of the atmoſphere 
in September ; in 15 days it had loſt 
1558 grains: I then burned it to a 
black aſh, it weighed in that ſtate 26 
grains; and being burned to a white 
aſb, i . only 1 16 Brains, which 
wer £ 


( 299 ) 
were compoſed only in part of earth; 
for they contained, though I omitted 
to examine them, a portion of fixed 
alkaline fait. Afreſh pumpkin, which 
weighed 200 ounces, being cut into 
ſlices and dried in the fun, loft in 


nine days 190 ounces of it's weight; 


the remaining ten ounces being re- 


duced to alhes, did not yield one 
ounce of earth. Had Van Helmont 


reduced his willow to aſhes, I think 
it would not have yielded one pound 
of earth; this ſmall quantity of earth, 
added to the uncertainty there is as 
to the earth, wherein the willow Was 
planted, being equally free from 


moiſture when it was weighed, be- 


fore and after the willow had ac- 
quired it's increaſe, renders the con- 


cluſion which is drawn from the ex- 


periment wholly queſtionable. 
4 Count 
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Count Gyllenberg* , In order to 


; prove that vegetables derivealltheir 
conſtitttent parts from water, even 
Meir oils and ſalts, as well as their 
earthy particles, makes'the follow- 
ing obſervation:—* Four thouſand 
different plants can grow in 2olbs. 
weight of earth, and in each of them 
ſhall be found a different oil and a 
different fall. Let us' ſuppoſe theſe 
8 plants tobe chemically analyſed, near 
an ounce of oil and ſalt will be found 
in each. H this oz] and this /alt had 
proceeded from the earth, there muſt 


Have been in that earth four thouſand 


ounces, or 2 olbs. of oil and Hall, 


=. Count Gylledberg? 8 . of Agri- 
culture, tranſlated by Mills, p. 72.— This 


work is attributed by Mr. Mills to Count 
- Gyllenberg, by the French tranſlator, to Wal- 
* ſee the Ed. L quoted i in a Vol. II. p. 76. 


C whereas 


CF: - 
whereas in fact there was not a grain 
of either of them in it.“ This ob- 
fervation does not prove, that ſimple 
vyater is converted into earth or ſalt, 
oroil, by vegetation; it merely ſnews, 
that plantsbyvegetating acquireſuch 
an increaſe of weight, as cannot be 
derived fromthe earth in which they 
grew, and become bodies; .whoſe 
conſtituent parts are different from 
both earth and water: but it neglects 
the conſideration of two ſubſtances, 
as neceſſary to vegetation as either 
earth or water lig lit and air. The 
air is a fluid whoſe conſtituent parts 
are not yet fully aſcertained ; beſides. 
water, there are reaſons to think that 
it contains an oily and a ſaline prin- 
ciple ; and as to light, opticians have 
diſcovered not only that the ſame- 
my of it has different properties on 
| it's 
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it's different ſides, but that it is by 
no means an homogeneous fluid, 
though no experiments have yet 
ſufficiently ſhewn, whether that fluid 
be a ſaline or phlogiſtic ſubſtance, or 
both. The rays of the ſun ſeem to 
be acted upon by every body in na- 


ture, and they may be capable of 


being combined with air, or water, 
or earth: and in that ſtate of com- 
bination they may enter as conſti- 
tuent parts into vegetables, &c. 
form airs, ſalts, and oils of various 


kinds. There may be an igneous 


and elaſtic fluid, as well as an aerial | 
one, univerſally diſperſed, and on 


which the fluidity of the air itſelf 
. may depend ; and this fluid, being 


imbibed by vegetables, may be a 
principal component part of them, 


and being reſtored to it's fluidity by 


combuſtion, termentation, and other 
cauſes, 


15 


( 
cauſes, it may produce heat or flame, 
according to the circumſtances under 
which it endeavours to diſcharge it- 
ſelf. There is a curious experiment 
which will illuſtrate the efficacy of 
air and light in promoting vegeta- 
tion. 3 

Mr. Eller took a large quantity of 
water which had been twice diſtilled, 
and having filled a cylindrical glaſs 
veſſel with it, he bound a ſheet of 
paper over the mouth of the veſſel, 
and ſet it in the ſun in the middle of 
ſummer for ſeveral weeks. He ſoon 
| obſerved that the water began to be 
troubled, that it emitted ſmall bub- 
' bles, that it's ſurface became ſome- 
what frothy, and that the bottom of 
the veſſel was covered with a green 
matter. He afterwards diſtilled the 
water, and from the laſt portion of 


it, 


( 304 ) 
it, containing the green matter, he 
obtained an acid and an oil, and, 
though he does not mention it, there 
remained, probably, a+ portion of 
earth. I remember having ſeen a 
glaſs tube, which, after having been 
hermetically ſealed and nearly filled 
with water, had been - left for ſome 
months om a table on which the ſun 
occaſionally ſhone; that ſide of the 
tube, on which the rays of the ſun had 
fallen, was covered with green matter, 
whilſt the other ſide was free from it. 
Dr. Prieſtley, with his accuſtomed 
ingenuity, has inveſtigated the nature 
of the green matter which is thus 
formed, and ſhewn that it is a ve- 
getable, whoſe ſeeds are conſtantly 
float ing in the atmoſphere, and that 
lighil is abſolutely requiſite to it's pro- b 
duction, mere heat not being ſuffi- 
1 cient 
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cient for that purpoſe; but that liglit 


itſelf _— produce it in water 
which 

the air; probably becauſe in that cafe 
the water 1s deprived of the ſeeds. 
from which the vegetable ſprings ; 
and: hence we may infer,. that the 
action of the ſun's light is not alone 
ſufficient to generate ſalts and oils in 
water, though it be inſtrumental in 
enabling the ſeed of the vegetable to 
expanditſelfintothe form of a plant. 
The vegetable thus formed, certamly 
contains more acid, more oil, and 
more earth, than exiſted in the ſeed 
from whence it ſprung; but it would 
be a raſh concluſion to ſay, that ſim- 
ple water has been converted intoany 


of theſe ſubſtances, though it ſeems 
to be a juſt one to ſay, that either 
the water, or the air in the water, or 
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the ſolar light, have jointly or ſeve- 

rally been changed into them. Is it 
poſſible ſo far to purify a portion of 

atmoſpherical air from the ſmall ſeeds 

of vegetables, that diſtilled water, 
though in contact with this purified 
air, and expoſed to the action of the 
ſolar rays, ſhall not produce any 
green matter, or undergo ſuch a 
change, as to yield by diſtillation 
either a ſaline or an olly principle? 
I have now given an account of 
the moſt noted arguments which 
have been brought in ſupport of, or 
in oppoſition to, the doctrine of the 
tranſmutation of water into earth; 
and I am forced to conclude, from 
this view of the ſubject, that the 
queſtion is not clearly decided either 
way: as to my own opinion, I beg 
leave to ſay, that Iamratherdiſpoſed 
CS, 4s 
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0 "907 |) 


to believe that water is converted in- 


| toearth ; though I own that no expe- 
riment has yet been produced, to 


which reaſonable object ions may not 
be made. The point I] am ſenſible 
cannot be decided by authority; yet 
I will put an end to the diſquiſition 
by mentioning the opinion of New- 
ton.Wegetabilia omnia ex liquori- 
bus omnino creſcunt, dein magna 
ex parte in terram aridam per 
putrefactionem abeunt, et limus er 


liquoribus putrefactis perpetud de- 
cidit. Hinc moles terre aride in- 
dies augetur; et liquores, niſi aliunde 
| augmentum ſumerent, perpetuo de- 


creſceredeberentet{andem deſicerex. 
* Newtoni Oper, Vol. III. p- 157. Ed. 


Forſley.— Buffon, another philoſopher of no- 


ſmall eminence, is of opinion, that the ele- 
ments may be changed into each other, and 
that water may even become air. Comme 

v 2 | je 
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je ſuis très perſuade que toute la matiere eſt 
convertible, et que les quarte elemens peu- 
vent ſe transformer, je ſerois porte à croire, 
que l'eau peut ſe transformer en air lorſquꝰ 
elle eft aſſez rarifice pour s'ẽlever en va- 
peurs,” | Supl. Vol. I. p. 100. 


ESSAY 


ESSAY VIII. 


Of Weſtmoreland Slate, and ſome 
other Sorts of Stones. 


E have in the mountainous 
| parts of Weftmorelandvarious 

ſorts of flate ; all of which are uſed 
by the inhabitants of that county for 
covering the roofs of their buildings; 
and the beſt of them are either cqr- 
ried by fea to London, Liverpool, 
Hull, and Lynn, or by land into tlie 
"TN biſhop- 
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biſhoprick of Dur iam, Cumberland, 
Northumberland, and Lanca/hire. 
The different forts of flate are 
diſtinguiſhed from each other by the 
fineneſs of tlieir grain, by the thick- 
neſs into which they are ſplit, by 
their colour, and by their weight. 
The moſt general colour is blue; 
there are many ſhades of it, from a 
very pale to a deep blue. The blue 


of ſome ſlates has a greenifh caſt; 


this is very obſervable after a ſhower 


ina building which has been recently 


ſlated, if any of the greeniſh ſlates 
happen to have been ufed along 
with the blue. We haveallo a pur- 

ple ſlate, and one which is nearly 
black, or at leaſt is ſo dark, that it 
is uſed for writing on. With reſpe& 


to the comparative weights of dif- 


ferent ſorts of ſlate, the following 
table, which was made with ſufficient 
| care, 


\ 


(a 7 
care, will give the reader lome no- 
tion of the ſubject. | 
| Weight of a cubic foot of de 

ſorts of ſlate. 


Pale blue, Coniſton Water Head 2791 
Dark blue, Troutbeck - 2782 
Pale blue, Throng Crag - = 2780 
Pale blue, White Moſs - = 2779 
Deep blue, Old Cauldron - - 2778 
Pale blue, greeniſh, near Ambleſide 2768 
Pale blue, Ingleton, Yorkſhire = 2767 
Dark, writing ſlate, Banneſdale 2765 


ee eee 
Deep blue, Longdale - 2752 
Greeniſh blue, Kentmere — 2750 
Blackiſh, Cartmel, Lancaſhire— 2740 


Very pale blue, fine grained Ambleſide 2732 


Medium weight of a cubic foot 2767 

I have not in this table included. 
* the varieties of ſlate which may 
U 4 be 


Ounces. 
Purple flate, Kentmere near Kendale 2797 
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pe met with in. Weſtmoreland; but 
it is not probable, that thoſe which I 
have omitted differ more from each 


other, than theſe which I have men- 


tioned do, either with reſpect to co- 
Jour or weight. Wallerius ſpeaks of 


a blueifh ſlate which weighed 3300 


ounces to the cubic foot; this ſort, 
probably, contained a large portion 
of iron; the blueiſh iron ſtone, called 
Catſcope, weighs 3309 ouncesto the 
cubicfoot. In the ſlate quarries, ſome 


of the fiſſures are filled with ſpar, 


which has often an 1ron:or copper 
pyrites adhering to it.; in the very 
middle of the blocks of flate there 
are many little hollows, each of them 
big enough to hold a large hazel 
nut; thoſe hollows are filled with 
clay: and in one of the quarries I 


Jaw a conſiderable quantity of clay 


11 


(9 1 
fit for pipes, between two layers of 
ſlate. 3 
It appears from the table, that the 
difference in weight between a cubic 
foot of the heavieſt, and a cubic 
foot of the highteft of the fourteen 
ſorts of ſlate there enumerated, is 
only 65 ounces : or about one forty- 
third part of the weight of a cubic 
foot of the heavieſt ſort; hence, ſup- 
poſing the different ſorts of ſlate te. 
be ſplit to equal thickneſſes, the dif- 
ference of the weights ſuſtained by 
the timbers of ſlated buildings, is 
very inconſiderable, whatever ſort 
of ſlate be uſed. 
That ſort of ſlate, other circum- 
Itances being the ſame, is eſteemed 
the beſt, which imbibes the leaſt 
water; for the imbibed water not 
only increaſes the weight of the co- 
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vering, but in froſty weather, being 


converted into ice, it ſwells and 
ſhivers the ſlate. This effect of froſt 
is very ſenſible in tiled, but it is 
ſcarcely felt in ſlated houſes; for 
good ſlate imbibes very little water; 
and when tiles are well glazed, they 
are rendered in ſome meaſure, with 
reſpect to this point, ſimilar to ſlate. 
I took a piece of Weſtmoreland ſlate, 


and a piece of common tile, and 


weighed each of them carefully ; 
the ſurface of each was about 30 


ſquare inches; both the pieces were 


immerſed in water for ten minutes, 
and then taken out and weighed, 


as ſoon as they had ceaſed to drip; 


the tile had imbibed above a feventh 


part of it's weight of water; and the 


Nate had not imbibed a two- 
hundredth part of it's weight; in- 


deed the woke of the flate was 
merely 


EB = > 
merely ſuperficial. Iplaced both the 
wet pieces before the fire; in a quar- 
ter of an hour the ſlate was become 


quite dry, and of the ſame weight it 
had before it was put into the wa- 


ter ; but the tile had loſt only about 
12 grains of the water it had im- 


bibed, which was as near as could 


be expected the very quantity which 


had been ſpread over it's ſurface: 


for it was the quantity which had 
been imbibed by the ſlate, the ſur- 
face of which was equal to that of 


the tile: the tile was left to dry in 
a room heated to 60®, and it did 


not loſe all the water it had im- 
bibed in leſs than fix days. . 
Some of our old buildings in Cam- 


bridge are covered with a whitiſn 
kind of ſlate, which is dug at Col(y- 


_ weſton in Northamptonſhire ; this 
ſlate is, as to it's principal component 
| part, 
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part, a calcareous earth, very ſimilar 
tothe Barneck ſtone of which Peter- 
borough cathedral and part of King's 
Chapel in Cambridge are built; and 
the ſtratum of ſtone, which may be 
ſeen on the road fide between Orford 


and Burford, and from thence to- 


wards Glouceſter, is not very dif- 
ferent from it. This Collyweſton 


flate imbibes more water, -and re- 


tains it for a longer time, than the 
Weſtmoreland ſlate does; but it 
does not imbibe half ſo much, nor 
retain it a quarter of the time, that 
a common tile does. The manner 


of it's being formed into flate de- 
| ſerves to be noticed. Large blocks 


are dug in autumn, and theſe blocks 


being placed in a poſition different 


from what they had in the quarry, 
the rain inſinuates itſelf between 
the * of which the ſtone is 

1 com- 


{ 28 7 


\ 


compoſed ; and 1n froſty weatherthe - 


water ſwelling, as- it becomes ice, 
ſplits the block of ſtone into plates of 

aproper thickneis. We have a ſtone 
which is of a calcareous nature, and 


is called clunch, in this neighbour- 


hood; it is ſoft, and eafily wrought, 
and when properly placed in a build- 
ing is very durable; but if the poſi- 


tion of the ſtone in the building bs 


different from what it was in the 


quarry, that is, if the ſide of the 


ſtone which in the quarry was paral- 
eel to the horizon, be either perpen- 
dicular, or inclined to it, in the 


building, it ſoon cracks and moulders. 


away; and J am not certain but the 
durability of Portland ſtone itſelf 
may have ſome dependence on it's 
poſition in a building, being ſimilar 


had 


to or diſſimilar from that, which its 


% 


( WF 
had in the quarry ; and this may be 
one reaſon why we ſee in Black Friars 
bridge, and in ſome houſes and other 
edifices in London, which are made 
of Portland ſtone, a few ſtones which 
are more decayed than the reſt. 

The ſtone or metal, as the work- 
men call it, of which the Weſtmore- 
land flate is made, though it does not 
ſplit equally in all directions, yet is 
it not formed into flate by the action 

of the froſt, as the calcareous ſlate of 
Northamptonſhire is: it is dug, or 
blaſted from the quarry in large 
maſſes, and ſplit by workmen fur- 
niſhed with tools ſuited to the pur- 
pole. Though the weights of equal 
bulks of the different ſorts of Weſt- 
moreland flate do net differ much 
from each other, yet all the ſorts are 
not equally capable of being ſplit to 
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an equal degree of thinneſs: the qua 
lity of the ſlate varies alſo with the 
depth of the quarry, that being the 
beſt which is raiſed from the greatole 
depth. . 

We learn from Dr. Borlaſe®, that 
the gray blue ſlate of Denyball in 
Cornwall weighs only 2 512 ounces. 
to the cubic foot, which is greatly 
leſs than the lightęſt of the Weſt- 
moreland flates, that I have met 
with. This Corniſh late for it's 


lghtneſs and enduring weather 


(though I have no reaſon to think 
that in the laſt particular it excels. 
the Weſtmoreland ſlate) is generally 
preferred to any ſlate in Great Bri- 
tain, and “ is perhaps the fineſt in 
the world.” This fort is s lt to 


* Hiſt. Corn. p- 93. 
+ Woodward's Gate Vol. II. p. 5. 
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about the thinneſs of an eighth of an 


inch, when it is applied to the cover- 
ing of a roof, and it then weighs ra- 
ther more than 26 ounces to the 
ſquare foot: the very pale blue, fine 
grained ſlate from near Ambleſide, 
when an eighth of an inch in thick- 


neſs, weighs about 28 ounces to the 


ſquare foot, or about 2 ounces more 


than the Corniſhſlate hereſpokenof. 


The fineſt fort of blue ſlate is ſold 
at Kendal for 3s. 6d. a load, which 
comes to £1. 159. a ton, the load 
weighing two hundred weight. The 
coarſeſt may be had for 2s. 4d. a 
load, or £1. 3s: 4d. a ton. Thirteen 
loads of the fineſt ſort will cover 42 


| fquare yards of roof, and eighteen 


loads of the coarſeſt will cover the 
ſame ſpace ; ſo that there is half a 
ton leſs weight put upon 42 ſquare 
Fs yards 


( gar 


3: 1 of ah when the fineſt ſlate is 


uſed, than if it was covered with the 


coarſeſt kind, and the difference of 
the expence of the material is only 
35. 6d, To balance in ſome meaſure 


the advantage ariſing from the light- 


neſs of the fineſt ſlate, it muſt be re- 
marked, that it owes it's lightneſs, 
not ſo much to any diverſity in:the 


component parts of the ſtone from 


which ĩt is ſplit, as to the thinneſs to 


which the workmen reduce it; and 


it is not able to reſiſt violent winds 


fo well as that which is heavier. 

| A covering of lead is heavier than 
a covering of fine ſlate, but not 

| greatly ſo. Thirteen loads or 26 

hundred weight of fine flate will co- 


ver, as has been obſerved, 42 ſquare 


yards; when plumbers caſt ſheet lead 
for covering of houſes or churches, 
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they ſeldom run' it thinner than to 
about 7 pounds to the ſquare foot. 
On the /outh ſide of a building, they 
make, or ſhould make, the lead a 
pound i in a ſquare foot thicker, than 
when it is uſed in places not expoſed 
to the meridian ſun; for the power 
of the ſun in calcining lead is very 
great: in the torrid zone, a lead co- 
N vering of the ordinary thickneſs will 
not laſt above five or fix years, be- 
fore it is calcined intoawhite pellicle 
reſembling white lead. In a ſheet of 
caſt lead there is a great inequality in 
the thickneſs of the ſeveral parts of 
it: if the thinneſt part weighs 71b. 
to the ſquare fot; the thickeſt part 
will often weigh glb; let it be ſup- 
poſed then, tlrat a ſheet of caſt lead, 
thethihtieft| part of which weiglis lb. 
weighs at a medium dlb. to the 
ſquare 


_ Tf: 29%): 
ſquare foot; then will a ſquareyard, : 

or nine ſquare feet, weigh 52 pounds, 
and 42 ſquare yards will weigh 3024 
pounds, or 27 hundred weight; 
which is one hundred weight more 
than the weight of the ſlate. But 
this is not the whole weight of the 
lead which is requiſite to cover 42 
ſcuare yards; an addition i is to be 
n to it, equal to the weight of. 
the lead which is uſed inlapping one 
ſheet over another. M illed lead may 
be not only rolled out to a greater 
thinneſs, than ſheet lead can poſſibly 
be caſt to, but it has alſo a much 
greater uniformity. of thickneſs, than 
caſt: lead. The plumbers ſay, that 
milled lead may indeed form: alighter 
and more uniform covering than 
ſheet lead, but that it will not laſt ſo 


long I Knownet how thak may be, 
5 1 1 Þ but 
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but the milled lead company, near 
100 years ago, offered to enter into 
a. covenant to keep a covering of 
their milled lead of 71b. tothe ſquare 
foot, in good and conſtant repair, for 
a term of 41 years, at 5s. a year, 
for every covering of 1 ood. in value. 
A term of 41 years is not a quarter of 
the period, which many coverings of 
Weſtmoreland ſlate have laſted with 
very inconſiderable repairs; and as a 
ton of flate will cover a larger ſur- 
face than a ton of lead, and does not 
coſt, in any part of the kingdom to 
which there is water carriage, one 
fourth of the price of the lead, it 
ſeems as if it might be generally 
uſed inſtead of lead with KEY great 


Advantage. 
In Ruff they cover thes houſes 
with iron, and in Sweden with cop- 


per; and ſome nec have been 
fond 


(35) 

fond of introducing the uſe of cop- 
per covering into Great Britain. I 
have no knowledge of the duration 
of a copper covering ; but I ſhould 
conjecture, from the thinneſs of the 
copper which is uſed for the purpoſe, 
that it would not laſt ſo long as ſlate; 
it has certainly the advantage of be. 

ing much lighter, and where there is 

danger of ſtraining the walls by the 
weight of timber in the roof, it may 
be uſed with great advantage. Alt 
the plates of copper of four feet in 
length and two in breadth, which 
weigh leſs than 10 pounds, are called 
thatch copper, from their uſe in co- 
vering buildings; theſe plates are in 
general a penny in the pound weight 
dearer than the thicker plates, on ac- 
count of the greater trouble in rolling 
; them. A ſquare foot of thatch cop- 
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per does not weigh quite 20 ounees, 
and hence 42 ſquare yards of ſuch 
copper will not weigh much above 
four hundred weight, and it's thick- 
neſs will be about the fortieth oy 
of an inch. 
A common Cambrid ge tile weigh- 
ed 37 ounces: they uſe at a medium 
© 700 tiles for covering 100 ſquare 
feet, or above 21 tons of tile to 42 
ſquare yards. Hence, without in- 
cluding the weight of what is uſed in 

lapping over, &c. when a building is 
covered with copper or lead, it will 

follow from what has been ſaid, that 
42 ſquare yards of building will be 


covered by EE. 4 
Copper 4 hundred weight. 
Fine ſlate 26 


Lead + 27 | 
Coarſer flate 36 
1 3 


„„ | 

The Northamptonſhire ſlate (not - 
to ſpeak of ſeveral other ſorts) not 
being ſold by weight like that from 
| Weſtmoreland, nor having a definite 
fize like tile, it is not an eaſy matter 
to eſtimate the weight of it which is 
. requiſite to cover 42 ſquare yards, 
or any other definite ſurface : a cu- 
bic foot of it weighs 2 592 ounces, ſo 


that it is, bulk for bulk, near one 


. twentieth part lighter than thelight- 
' eſt of the Weſtmoreland late; but 
it's thickneſs is, at a medium, much 
greater; hencett's weight, ina definite 
ſurface of roof, is greater, I appre- 
hend, than that of the coarſeſt kind 
of Weſtmoreland ſlate;it* sdurability 
1s very conſiderable, as may be col- 
lected from the time it has laſted on 
- ſome of our college buildings. 

Acommon ſlate is a very compound 

MS body ; 
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body; it contains iron, to which ib 
owes it's colour, calcareous earth, 


magneſia, flint earth, and clay com- 


bined in different proportions is the: 
different ſorts. Mr. Kirwan is the 
only perſon who has analyzed any of. 


the ſorts: the ſort he analyzed was 


the blueiſh purple, which is princi- 


| pally uſed in London, and which is 


brought thither fromDevonſhireand' 
Wales. A cubic foot of it weighed: 
2876 ounces, which. is near 150+ 
ounces more than the weight of a cu- 
bic foot of the fineſt ſort of Weſt- 


moreland flate : he found that 100 


grains of it conſiſted of about 46 : 
grains of flint, 26 of clay, 8 of mag- 


neſia, 4 of calcareous earth, and 14 


of iron, and that it loſt, by being 


heated red hot, 2 grains.. 


es Throng Crag ſlate, 
which 


(ns 


which is the ſort Newgate is covered | 
with, weighing 446 grains, and heat- 
ed it red hot; it had loſt 4 grains of 


it's weight by that degree of heat; I 
kept it for half an hour in a red 


heat; it had then loſt 38 grains of it's 
original weight : I continued it in 
the fame heat for three hours more, 


and it had then loft 4 3 grains, or 


near one tenth part of it's weight. 1 


calcined the blueiſh green Amblefide- 
flateinadegreeof heat, which would: 


have reduced the ſame weight of cal-. 
careous earth to lime; 446 grains of 
it loſt 41 grains: on a repetition of 
the experiment, I found that 446 
grains had loſt 42. The ſame weight 
of White: Mofs ſlate, treated in the 


_ ſame way, loft 42 grains; and the 


- ſame weight of ſlate from Coni/ton: | 
loſt 44 grains. L tried ſeveral other 


5 ſlates 


1 . z bur 4 by 
"SEE Ion 2 = 
o * - - = 


8 — „ Bie® 4 
. Ro 8 ME Fon Dt 
8 


* 
* 
= 

jr ® I 
© < 2 .- n 
| = 5 
. 

- 


8 —— 
» * 


1 « 


1 
a 
D, 
M4 

i 
* 
1 
wy 
Th 
#29 

|, 


— > bo— 2 


. = \ = 
— — 
— — — — 


— —ñ'w’—— —0 
= — 


— — 
wo. ooo 
FS. wa 


3 3 


wo 


—_— > oa 4 
— OY ** 
o _ — * N 
75 "of We £0 « 


. 

7 

4 

* 

4 

2 6 

q 

4 d 

. 

8 
l 


4 

14 
4 
1 
ES N 
* 5 
. F 
1287 


i TY N 0 = = wa * = * 3 mY 
HERE r 2 — r Jes | 
. — — ED OT 
" - 
* = 5 1 


*. 


driven off during the calcination, 


"0. | 
fates in the ſame manner, and the 
general concluſion is—that Weſt- 


moreland ſlate loſes, by being cal- 


cined in a red heat for ſeveral hours, 
eee one tenth part of it's weight. 
All theſe ſlates, when reduced to a 


[ws powder, are acted upon with 


great violence by acids, a confider- 


able portion of fixed air is diſcharg- 


ed, and a calcareous earth is diſſolved 


in the acid. I poured a diluted acid 


of ſea ſalt on 446 grains of Throng, 


Crag ſlate in powder; 30 grains of 


fixed air eſcaped during the ſolution. 
We have ſeen that the ſame weight 


of the ſame ſort of ſlate loſt by cal- 
' cination 43 grains, the difference is 
13 grains; but whether theſe 13 


grains are water, or a part of the 
earthy ſubſtance of the ſlate which 


| 1s 
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is what I do not n to deter- 
mine. | 
The calcined flate being 155 into 
water, there is formed in a few days 
a ſtrong lime water; this water de- 
poſits, as other lime water does, an 
earth which efferveſces with an acid. 
It has been proved, in the Eſſay on 
calcareous earths, that 20 parts of 
calcareous earth contain about 9 
parts of fixed air; and hence, as the 
late is ſuppoſed to loſe about one 
tenth of it's weight of fixed air by 
calcination, the crude calcareous. 
earth (fuppoſing the air to have pro- 
ceeded ſolely. from calcareous earth) 
which it contains,, may amount to 
about 22 parts in an 100 of ſlate. I 
have met with ſome ſlate much re- 
ſembling the Weſtmoreland late, 
which does not loſe above a twenty- 
1 


/ 


5 (- 20-3; 
fifth part of it's weight by calcination. 
Beds of limeſtone are generally in- 
cumbent on the beds of ſlate; and, 
however philoſophers may account 
for the original formation of theſe 
beds, it may eafily be admitted, that 
the component parts of the upper 
ſtratum may be mixed with thoſe of 
the lower; and if the fact was exa- 
mined, I think, it would be found, 
that the flate is more mixed with 
calcareous earth, the nearer it ap- 
proaches to the limeſtone ſtratum.” 
Idiſtilled five ounces ofWhite Mojs 
flate in a very ſtrong fire for three 
hours; there. came over a great deal 
of air, but ſcarce a drop of water. 
though it is poſſible that in this, and 
other diſtillations of a like kind. ſome 
water may eſcape with the air), and 
there was a ſlight ſmell of ſulphur. 
| „„ 
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The maſs remaining in the retort was 
reduced into a black cellular glaſs, of 
ſo hard a texture, that it truck fire 
vith ſteel; it adhered ſo much to the 
retort, that I could not ſeparate it ſo 
perfectly as to be able to ſee what 
loſs of weight the ſlate had ſuffered by 
being vitrified. We have no coal 
in Weſtmoreland, except a little of a 
 badqualitynearShap, or glaſs houſes © 
might beeſtabliſhedat the/lateguar- 
ries with great proſpect of advantage; 
for though the materials of which 
bottle glaſs is made, colt but little in 
any country, yet there they would 
colt nothing. Very good glaſs might, 

' probably, be made from the ſlate 
alone, for the cellular texture would 
diſappear, eit her on keeping the glaſs 
longerin the fire, or on re- melting it; 
daten it might be made from 
the 
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the ſlate mixed with fern aſhes, or 


with kelp aſhes, or with other ſub- 


ftances containing fixed alkali: this 
hint, 1 hope, will not be given in 
vain. 

Plinꝝ ſpeaks ofa kind offo offi glaſs, 
which one Ob/dius, he ſays, found 


out in Ethiopia; it was of a black 
colour, and ſometimes tranſparent: 


and Herodotus, in the third book of 


his hiſtory, reports, that the Ethio- 


pans had a cuſtom of drying the car- 
caſes of their dead, of covering them 
when dried with gypſum, or plaſter 
of Paris (ve ucalls), of painting 
their portraits on the plaſter, and 
laſtly, of depoſiting them in cells 
made of tranſparent glaſs, which in 
that country was dug in great plenty. 
This account has been looked upon 


2s fabulous; becauſe glaſs, it is ſaitd; 


; * 
% * 3 15 


(385 1 
is not a natural but a factitious ſub- 
ſtance; and the learned, for the ſame 
reaſon, have been much puzzled 
about Pliny's lapis Obſidianus, or, as 
ſome will have it, opfianus, on ac- 
count of it's tranſparency. The word 
(ww in Herodotus) here rendered 
glaſs, may, perhaps, denote lapis /pe- 
cula ris; which is now, and has in all 
ages, been dug out of the earth, and 
is found frequently along with gyp- 
ſum : I do not believe, indeed, that 
it has been ever found in pieces large 
enough to make coffins of: but, ſup- 
poſing it to mean glaſs ſtrictly ſo 
called, I ſee no difficulty at all in ad- 
mitting the exiſtence of foſſil glaſs. 
A ſubterraneous fire, of a proper de- 
gree of ſtrength, would convert a 
ſtratum of Weſtmoreland ſlate into a 
vitreous maſs of a black colour. 
Nor 
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Nor is Weftmoreland ſlate the only 
ſubſtance which might be converted 
into foffil glaſs.; the gray rag: one, 
before mentioned, admits a ſimilar 
change; ſo does the blue whin-fone, 
and the Derbyſhire foad. one, and ſe- 
veral other ſorts of ſtones. The rea- 
ſon of the fuſibility of theſe ſtones is 
explained in ſome meaſure, by anex- 
pꝓeriment related in another place - 


it is there proved, that two ſpecies of 


earth, ſeparately unvitrifiable, may 


be vitrified when mixed together; 
the two earths there mentioned are 


clay and chalk, but the obſervation 
is. true concerning ſome other earths. 
Now the flate and ſtones, of which 


we have been ſpeaking, are all com- 


pound bodies, conſiſting effiliceous, 
argillaceous, calcareous earths, :&c, 


: ER” Com- 


CE. © 2 
conibined in different proportions, 
and the fuſibility ariſes rn their 
mixture. 


Some reaſons have been Beni 7 
(though I do not think they prove 
the point) for conſidering the Der- 


byſhire /oadfone asa ſpecies of lava, 
which has undergone a ſemi-vitrifi- 
cation; however that may be, Thave 
met with pebbles (rounded, proba- 
bly by antediluvian waters) which re- 
ſembled toadſtone in colour, weight, 

and conſiſtence, in thegravel pits of 
Cambridgeſhire ; in the marl pits of 


Cheſhire ;intheclay which isfituated | 
under the grit, and above the ale of 
Derbyfhire ; on the ides of the moun - 
tains, and in the beds of theriversof 
Weſtmoreland: and! doubt not ftimi-- 


lar ones will be detected, by future 
W pe 29. 
"Av. 7 obſer- 
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obſervation in many other places.— 


The following table coſt me ſome 


trouble in the making: I am unwil- 


ling that it ſhould be loſt, and there 


are ſome readers who will be gra- 


tified with a fight of it. 


Weight of a cubic foot of different | 
ſorts of ſtones. 


INJjoz.; 11812688 
1 2999] 1902682 
2/2936 202681 
312927 212681 

| 412921 2202675 
52907 23 3 

| 612852 [24 265g] 

712821 2502657 
812800, —_—_— 
912797 27/205 It 

410027780 1282043 

41112770 29263 

g 1202770 30/2025 

132760 1312605 

1 x 322593 

15/708 33 25 56 

162505 34/2309 
17 2690 = 2277 


* 


No. 


| 1 

No. 1. Guernſey pebble, from the 
| pavement of one of the ſtreets of 
Weſtminſter: 2. I met with this 
ſtone on Hale Fell, near Beetham, in 
Weſtmoreland ; it is of a dark brown 
colour, and admits a very fine po- 
Iifh, but it is not calcareous. The 
block was ſome tons in weight, and 
ſituated on the ſurface of the earth, 
every where ſurrounded with lime- 
ſtone rocks: I think it was a block 


ol ba/altes, in which many cryſtals of | 


black oerl were to be ſeen. 3. Dark 
gray cobble, from the gravel-pits 
near Cambridge: it much reſembles 
No. 4. Dark gray loud one from Der- 
byſhire; free from thoſe ſparry ſpecks 


(which in mouldering away by ex- 


poſure to the air, often leave the 
toadſtone as if it was worm- eaten (and 
1 fſtrik- 
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ſtriking fire with ſteel. 5. Lead co- 
loured cobble, with black ſpecks, 


and of vitreous texture, from HTear- 


Jam Head, in Weſtmoreland. Hear- 
ſam Head is a hill compoſed of cal- 
careous ſtrata } but there are found 
on it's ſurface, and in other parts of 
the county, detached round pieces 
of a blue rag- ſtone, of granite, and 
of a very hard compound ſtone, 
called by the maſons of the country 
callierde: probably ſo denominated 
either from the earth (erde) of which 
it is compoſed, reſembling flint 
{caillou) in hardneſs, or from it's 


being compoſed of different ſorts of 


earth coagulated /caille) together. 
Mineraliſts, I think would claſs the 
eallierdes, for they are not all of 
the ſame kind, amongſt the por- 
phyries, hornſtones, &c. 6. Similar 


8 toadſtone in texture, but darker in 


colour, 


(- 9877} 

colour, from a mart pit near Tubley, 
in Cheſhire. 7. Much the ſame as 
the preceding, a large block found in 
a field near the mills at Millilirop, in 
Weſtmoreland. I do not venture to 
call theſe two laſt ſtones volcanic 
productions, yet the ſurfaces of them 
looked as if they had been formed by 
the cooling of the maſs. 8. Round 
toadſtone pebble, from a bed of clay 
under the grit ſtone in Derbythire : 
I write this only from recollection of 
it's appearance; I may have miſtaken 
a blackiſh limeſtone for toadſtone. 
g. Purpleſlate, Kentmere, near Ken- 
dale; the heavieſt of any of the 
Weſtmoreland ſlates, but not ſo 
heavy as the purple ſlate uſed in Lon- 
don. 10. A callierde with a deep 
green ground, and ſpecks of alighter 
green, from the /e /hore near Lan- 
1 3 caſter. 
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caffer. I have ſeen theſe callierdes in 
various other parts of Great Britain, 
but J do not know whether we have 
any ſtrata in the Jand which could 
have furniſhed them. 11. Agreeniſh | 
cobble, ofanuniform texture, gravel- 
pit in the road from Cockeran to 
Lancaſter. 12. Like No. 10. marl- 
pit, Cheſhire. 13. Blue whin-fone, 
from Scotland; ina firewhich would: 
convert an equal bulk of marble to 
lime, a ton of whin-ſtone would loſe 
24 hundred weight. 14. Greeniſh 
cobble, Wierfide, Lancaſhire : this 
and No 11. have ſome reſemblance 
to Weſtmoreland ſlate ; but Ido not 
know where the ſtratum is ſituated 
that has turniſhed theſe detached 
pieces. 1 5. Bluerag-ſtone, foreſt near 
Mansfield. 16. Granite from Aber- 
deen, A cubic foot of Guernſey peb- 

5 ble 


2 


(07; | 
ble (No. 1.) contains, it is evident, 
above 300 ounces of matter more 
than 1s contained in a cubic foot of 
Aberdeen granite; but from that cir- 


. | . 
cumſtance alone it muſt not be in- 


ferred, that a pavement made with: 
Guernſey pebbles, wyl laſt longer 
than one made with Aberdeen gra- 
Rite: for the durability of abody ex- 


poſed to friction, does not depend ſo 


much on the number of particles 
which enter into it's compoſition, as 
on its hardneſs, or firm adheſion of 
it's parts. But in bodies equally 


| bard, that will laſt the longeſt which 


contains the greateſt quantity of mat- 
ter in a definite bulk; and hence; 
ſuppoling. the Guernſey ſtone to be 


only as hard as the Aberdeen granite, 
it muſt laſt longer when expoſed in 
the ſtreets to the friction of the car- 


14 (ige 


| 


jb 

1 
7 

* 

4 

4 
ny 

16 
* 

2 
Wb 
147 
T1 + 
Ks 
«hilt 
1 


td T_T 


( 344 ) 


riage wheels : on inquiring into the 


fact, a paviour told me that the 
Guernſey pavement was a very bad 
pavement for a poor man becauſe 


it ſeldom wanted repairing. 17. Gray 


blue rag: lone, Weſtmoreland. 18. 
The ſame after being calcined to a 
red colour. 19. Gray rag-ſtone from 
Ilva crag, near Millthrop. 20. The 
ſame calcined to a red- colour.— 
Theſe rag- ſtones, I apprehend, loſe 
ſomewhat of their weight by cal- 
cination; but, their bulk being di- 
miniſhed in the ſame proportion, 
their denſity or ſpecific gravity re- 
mains nearly unaltered; in a ſtronger 


fire they are changed into a blackiſh 


glaſs. 21. Shale-bind. This is the 
name of a ſtratum, conſiſting prin- 


cipally of calcareous earth impreg- 


nated with bitumen, which is 


ſituated both above. and below the 


beds 


Ss 
beds of /hale in Derbyſhire. Thie 


bind is various in thickneſs from a: 


few inches to ſome feet: one ſort of: 


it is called by the miners treacle bind, 
from their finding lodged in it's cavi- 
ties a bitumen of the colourand con- 
ſiſtence of treacle: this bitumen is 
moſt abundant where there is the 
greateſtquantity of ſhale incumbent 


on the bind. There are in the ſtra- 


tum of bind many round ſtones call- 


ed, probably, from the rotundity of. 
their figure, boulders ;, ſome of 


which weigh only a few ounces, other 


halfa ton. Whether all round ſtones, 
met with in the ſtrata of the earth, or 
upon it's ſurface, have received their 
figure from the action of water, is 


uncertain; but that many of them 
have, the ſituation in which they are 
found, will not ſuffer us to doubt. 
Not far from Pontypool there is a 
largemountain, thebottomof which 

is 


— = — r . — - ® oP - 
DTT OCW TW cc __ co _5 7 co . — > 
— — 


—ͤ—ũ—ĩÿd. — 


n 
— 


Fo 


Ro. VERT Reg 4 | 
. 8 . 7 0 n 
— — 4 — — ” * 
—- =. CET... = 


r rer F 
— Ls mo 3 1 l _ 


i 
4 
3 
U 
5 
4 ; 
* 
8 x 
J 
: 
1 
4 4 
1 
„* 
„ 
* 
"= N 
1 
1 
1 
122 
Pa” 
L 5 
: 
4 Fd 
1 
7 
1 
WW. 
* * 
1385 
1 
. 
FE 
$3 
'$ fy 
_—_ 
Me 
' 
0 
S014 
4: * 
- 
9%. - 
WES 
+7 
/ 
xt 
. 
©. 
EF 
10 
1 [a 
= 
"7% 
538 
| 1 
* 
ie 
T4 4 
TE x on 
* i 
#7 1 
1 
* - * 
* 
r „ ? 
dag © 
7 i * 
2 
1 
1 
5 1 * 
. | —_ 
"I 
Tu 
+} 8 
wo 7 > 
nyt 
"#8 
i, 1 1 
bt ©» 4 
+38 
57 AI 
34 
1 
: F 
Jon 
* 
112 
. 4 
„ n 
ö * 
fs 
TED 
1 
** 
1 
4.5 
8770 
- 
4 
1 
1 
5 
1 
7 
74 
5 
7 
F 
104 
7 
* 
23 
17 
. 
1 
12 
85 
47 
bY” 


— 
— 


2 j» 
— han © gn ern —— 


- 


4 * 
CY — ? +» 
ESE — — 


* - 
— — 
COR 4 
— —— 
2 


— 
— 


Nadi 
- 
- 30” = 


( IF - 
is waſhed by the river U,; this 
mountain contains coal and iron 
ftone. At Newport a conſiderable 
trade is carried on with coal, which 
has been waſhed from the fides of 
this and other mountains by the 
river: the coal 1s found in the chan- 
nel of the river, in round, flat, ſmooth 
pieces; ſo perfectly reſembling in 
ſhape river pebbles, that they clearly 
indicate the manner in which theſe 
pebbles have been formed. 22. What 
ſome call white toadſtone, Yout- 
grave, Derbyſhire. 23. Brown 
quartz pebble, from the foreſt be- 
tween Mansfield and Newark, 
24. Black pebble with red ſpots, 
ſame place. 25. Reddiſh rag-ftone; 
Hetm- End, near Kendale. 26. Pen- 
narth limeſtone, waſhed in large 
c2bbles from the clifts on the Welch 
| ſide of Briſtol channel; the lime 

made from it is highly eſteemed in 
| that 
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that country from it's ſetting under 


water; it is called lion lime (perhaps 


lien) from it's binding quality: the 
ſtone is of a gray colour, and, be- 
ſides the proper earth of lime, con- 
tains a large proportion of clay and 
won. 2. Tranſparent white quartz, 
gravel-pits, near Cambridge. 28. 
Tranſparent white quartz, foreſt 


about Mansfield. 29. White opake 
quartz, ſame place. The cryſtals, 


called Briſtol tone, are eſteemed the 
pureſt ſort of quartz. It is commonly 
| known, that two pieces of quartz, 
when rubbed together in the dark, 
emit a phoſphoric light, accom- 
panied with a ſtrong ſmell. The 
difference between quartz and com- 


mon flint, conſiſts not ſo much in 


the colour, for both quartz and 


flint are of various colours, as in 
this, that quartz (though it be not 
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perhaps an abſolutely pure filiceous 
earth) contains a leſs proportion of 
clay and calcareous earth, than flint 
does. I have obſerved on the ſea 
coaſt at Yarmouth, quartz pebbles 
beginning to be decompoſed, -and 
verging towards the ſtate of a white 
argillaceous earth: moſt of the ſand 
in every part of the world conſiſts 
of quartz or flint in powder; and, 
as matter is infinitely diviſible, the 
imagination can ſet no bounds to 
the minuteneſs of the grains of ſand; 
but I have ſometimes doubted, 
whether, after they are reduced be- 
low a certain ſtandard, they may 
not conſtitute ſome other ſpecies of 
earth. 30. Granite, from the marl- 
pits in Cheſhire. The roads in many 
parts of Lancaſhire and Cheſhire 
are paved with granite, and other 
hard round pebbles, whichare found 

in 


i 0 > 
in their marl-pits, or fetched from 
the Welch coaſt; the pavement coſts 
a thouſand or twelve hundred pounds 
a mile in making. 31. Granite, from 
a large block near Dallum Tower, in 
Weſtmoreland. Large maſſes of a 
reddiſh granite are found on the ſides 


olf the hills, in the valleys, and in the 


beds of the rivers, not only about 
Shap, but in various other parts of 
Weſtmoreland. It is a queſtion of 
no ſmall difficulty to account for the 
manner of their being placed there: 
ſome will have it that they have been 
left there by water; and others think 
they have been ejected from the bow- 
els of the earth by the force of avol- 
canic exploſion. Beds of granite are 
found in many and detached pieces 
inmoſtpartsof Europe. The higheſt, 
mountains on the globe are form- 


ed from the loweſt ſtrata of the earth, 
: and 


1.300 3 
and the tops of the higheſt moun- 
tains are compoled of granite ; and 
hence granite mountains are called 
primitive mountains ; inaſmuch as 
the ſtrata. of granite, being ſituated 
below the ſtrata of rag-ftone, ſhale, 
 kmeſtone, &c. of which many other 
(called /econdary) mountains are 
compoſed, muſt have-exifted before 
them. All granites are compound 
bodies; they conſiſt of two, of three, 
of four, or of five diſtin& ſubſtances, 
_ denominated by writers of ſyſtems 

of mineralogy, quarts —felt ſpar— 
mica—ſteatities—and oerl. It 
belongs to the higher chemiſtry to 
analyſe the component parts of 
granite, to explain their origin, and 
the manner of their combination; 
and to inquire whether they are 
ſubject to a ſpontaneous ſeparation, 
and what kinds of ſubſtances will 
> * | ariſe 


— 
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-ariſe from a ftratum of decompoſed 
granite. 32. Red granite, from a 
Cheſhire marl-pit, reſembling the 
red oriental granite. All the varieties 
of red and gray granites, which may 
be ſeen in the works of the ancients 
remaining in Italy, might be found, 
I believe, in different parts of Great 
Britain; without any thought of 
making a collection of them, I have 
_ accidentally picked up near twenty 
different forts. 33. Shale from Der- 
byſhire. 34. Quartz, white, with 
many ſmall irregular holes: there 
are quarries of it in France, and we 
import mill-ſtones made of it. The 
holes are remarkable; it looks as if 
the ſtone had been worm: eaten; 
but the holes are formed, I con- 
jecture, from ſome of the principles 
of the ſtone being decayed, whilſt 
the 


-.D 
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the reſt remain entire. I have fre- 
quently ſeen pieces of rag: one, and 
even ſome ſorts of granite, which 
have been externally, and indeed to 
a very ſenſible depth below the ſur- 
face, ſtudded with little holes from 
the ſame cauſe. 35. A cellular 
ava, of which the mill- ſtones, called 
Rhenijh, are made; it isvery porous, 
»of a brown dirty colour, and in ex- 
.ternal appearance like a piece of 
coak, but ãt. is hard enough to ſtrike 
fire with ſteel. Strabo, in ſpeaking 
of an eruption of mount Etna, very 
accurately defcribes the formation of 
this ſpecies of ftone, which-1n his time 
was applied to the ſame purpoſe it is 
now; I quote the Latin tranſſation of 
the paſſage - lapide in crateribus col- 
liguato ac deinde ſurſum egeſto, hu- 
mor vertiei ſuperfuſus cænum eſt ni- 
a grum, 


( a! 
grum, per montem deorſum fluens: de- 
inde ubi concrevit, lapis fit molaris.* 

The analyſing the various ſtones 
which are met with, either in large 
beds in the earth, or in detached 
pieces at the bottoms of the rivers, 


or on the ſea coaſts of the kingdom; 


and the lodging the ſpecimens in 
ſome public recptacle, where they 
might be ſeen by the Students in Na- 


tural Hiftory. might occupy very uſe- 


fully the leiſure of a philoſophical 
_ chemiſt. He would find a far greater 


variety of jaſpers, porphyries, gra- 


nites, flints, limeſtones, ſlates, lavas, 
&c. than at the firſt view of the ſub- 
ʒject he would probably expect. Ex- 
perimental inveſtigations of this ſort, 
made with ability and caution, in 


different parts of the world, are the 
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only ſure foundations on which we 
can ever hope to build any probable 
ſyſtem concerning the formation of 
mountains, the antiquity of the pre- 
ſent form of the globe, and the cauſes 
of the viciſſitudes which it has un- 
dergone. It is the proper province 
of natural philoſophy to explore /e- 
condary cauſes ; they are the ſteps on 
which the mind of man aſcends from 
earth to heaven: for the more diſ- 
tinctly we apprehend the number and 
connection of the ſecondary cauſes 
operating in this little ſyſtem which 
is ſubmitted to our view, the more 
certainly ſhall we perceive the neceſ- 
fity of their ultimately depending, 
like the links of Homer's chain, on a 
FIRST. | 


N @ 


The Arabie number denotes the page, and the 
| Roman the volume. 


A. 


Aera mint eſtabliſhed there in 
1638, for coining Welch filver, iii. 313. 


Ah of Parliament, making it felony to tranſ- 
mute metals, paſſed 5 H. 4. i. 22.—repeal- 


ed in 1689, by the intereſt of- Mr. Boyle, 
i. 24. — to prevent diſputes concerning 
Royal mines, iii. 308. — prohibiting the 
exportation of iron, copper, &c. iv. 73.— 
partially repealed, iv. 76. 

Academy, chemical, inſtitution of, recom- 
mended for the improvement of metal- 

lurgy, i. 47. | | 

cids in general, diſtinguiſhed from other ſa- 
line bodies by their taſte, and by their 
changing the blue colour of vegetables into 

, ared, i. 113.—mineral, vegetable, animal; 
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vitriolic, nitrous, marine, native, factitious, 
empyreumatic, i. 114.—general table of, and 
of their combination with alkalies, i. 144. 


Acid, marine, how obtained from ſea ſalt, ii. 


34.—ſtrongeſt conſiſts of a volatile acid 
vapour — water, 11. 36.— combined with 
the mineral fixed alkali makes common 
inls, 11-37. : 
Acid, nitrous, how obtained, i. 248.—red fumes 
of, continue after the acid itſelf is changed 
to a blue or green colour, 156. may be 
procured by diſtilling nitre with ſand, i. 
253.—united with vegetable fixed alkali, 
makes nitre, 15. poured on oil of turpen- 
tine, cauſes an inſtantaneous inflammation, 
i. 255,—it's effect on various other oils, i. 
257. mixed with ſpirits of wine remains 
cold for ſeveral minutes, and at length be- 
gins to boil violently, i. 259.— mixed with 
common water, or with ſnow water, gene- 
rates a great degree of heat, i. 261.—mix- 
ed with ſnow produces the greateſt degree 
of cold ever obſerved on the ſurface of the 
earth, i. 262.—whether compoſed of fixed 
air and volatile alkali, i. 311.—diſſolves 
Derbyſhire lead ore, and ſeparates ſulphur 
from it, 111. 328. | 
Acid, witriolic, eſteemed the univerſal acid, and 
thought to be compoſed of earth and wa- 
ter, 1. 146,—the ſame as the acid ſeparable 
from ſulphur by combuſtion, i. 2 10.—ob- 
tained from the diſtillation of green vitriol, 
i. 211—gand from the burning of ſulphur 
Ez 1.2 14. 
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i. 214.—when diluted with water, called 
ſpirit of vitriol, i. 215.—when very ſtrong, 


called oil of vitriol, and when ſolid, gla- 
cial oil of vitriol, i. 216.—combined in the 


bowels of the earth with iron, forms na- 
tive vitriols, i. 217.—ſoftens caſt iron, i. 
218.—when united to copper, is ſeparated 
therefrom by iron, 1. 234.—united with 
water, produces a greater degree of heat 
than that in which water boils, i. 260.— 
not received into the pores of water, 1. 261, 


- —united with calcareous earth, forms gyp- 


ſeous alabaſter, plaſter-ſtone, ſtriated gyp- 
ſum, rhomboidal ſelenites; ii. 296.—united 
with clay, forms alum, 11. 313.—might be 
procured during the ſmelting of lead ore, 
11 291.—tranſudes through the pores of the 
ſkin of thoſe who drink it, iv. 254. 

Afinity, chemical, explained, i. 229. 


Agricola, a German phyſician and great me- 


tallurgiſt, i. 29.—knew not that calamine 
contained zinc, iv. 21. | 

Air, atmoſpherical, the menſtruum of the in- 
flammable principle, iii. 40.—diminiſhed in 
bulk and denſity by burning bodies, iii. 41. 
——near the ſurface of the earth more loaded 
with vapour than at a diſtance from it, iii. 


69.—it's power of diſſolving water de- 


pends on it's denſity, heat, and dryneſs, 
111. 90.— degree of heat in which it begins 
to be ſeparated from water, iii. 144.— 
quantity of, contained in water, iii. 153. 
La definite bulk of, may be wholly ab- 
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ſorbed by a proper quantity of boiled wa- 
ter, iii. 153.—when abſorbed in part, the 
remainder unfit for animal life, iii. 154.— 
diſſolved in water, increaſes the bulk of it, 
L178. - | 

Air, fixed, quantity of contained in calcareous 
earths, ii. 245.—weight of, compared with 
that of common air, 11. 246.,—contained 
in the atmoſphere, ii. 247.—in ſalt of tar- 
tar, pot-aſh, &c. ii. 249.—called aerial 
acid—chalky acid—mephitic air, iv. 12.— 
conſtitutes a third of the weight of ſome 
ſorts of calamine, iv. 13. = 

Air, inflammable, ſeparated from oak by diſ- 
tillation, ii. 329.—from all vegetable, ani- 
mal, and inflammable mineral ſubſtances, 
by the ſame proceſs, ii. 330.—by putrefac- 
tion from vegetable and animal ſubſtances, 
and from ſtinking water, ii. 331.—and 
from the ſtomachs of dead, and the lower 
inteſtines of living perſons, 11. 332.—vart- 
ous queries concerning that ſeparable from 
vegetables by diſtillation, ii. 335.—met 
with in ſubterraneous caverns, iii. 8.— it's 
reſemblance to phlogiſton noted, iii. 35.— 


374- 


Alabaſter, calcareous, gypſeous, eaſy method 


of diſtinguiſhing, ii. 293.—uſed by the an- 
cients for the ſame purpoſes as by us, 11, 
294—weight of a cubic foot of, ii. 295.— 
ſoluble in water, ii. 299.—raiſed in great 
plenty in many parts of England, ii. 302. 
—uſed by the potters and plaſterers, oy 

or 
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for flooring, 11. 303.—large blocks of, got- 
ten in Nottinghamſhire, ii. 307.—apt to 
loſe its poliſh by expoſure to the air, ii. 
zog. —analuyſis of, 11. 311. 
Alembic, derivation of the term, 1. 65. 
Alchemy, tranſmutation of metals, denoted by, 
1. 15.—der1vation of the term, uncertainty 
of the time when firſt cultivated as a diſ- 
tinct branch of chemiſtry, i. 16.—account 
of Boerhaave's experiments in refutation 
of alchemy, iv. 231. b 
Alexander. Aphrodiſeus quoted relative to the 
ſilvering of looking-glaſſes, iv. 248. 
 Altah, fixed, derivation of the term, i. 115. 
plants cultivated in Spain for the produc- 
tion of, i. 117.—hint concerning the uſe of 
our ſalt marſhes, 16.—procured from the 
burning of ſea wrack, 1. 118.—evaporable 
in a ſtrong heat, i. 129.,—contained in 
common ſalt, and thence called mineral, 
foſſil, or marine fixed alkali, i. 129.—this 
the ſame with the natron of the ancients, 1. 
130;—met with in Egypt, on the Pic of Te- 
neriffe, and in Barbary, i15.— contained in 
the aſhes of other vegetables as well as of 
maritime plants, and thence called vegeta- 
ble fixed alkali, and pot-aſh, i. 131. 
quantity of vegetable alkali procurable from 
oak aſhes, &c. 1. 133.—hint concerning the 
procuring mineral fixed alkali from com- 
mon falt, i. 136.—difference between the 
mineral and vegetable fixed alkali, 1. 139. 
both kinds met with in old mortar, 1. 
2 4 3 
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295—298.—conjecture concerning their 
change into ſalt- petre, 1. 29. 
Alkali, volatile, procured chiefly from animal 
ſubſtances, 1. 141. 
Alum, what, 11. 311.—analyſis and compoſi- 
tion of, ii. 312.—made accidentally from 
placing a cracked ſaucer of yellow ware on 
a coal cinder fire, ii. 313.—formed by ſub- 
terraneous fires in Staffordſhire, and in the 
Solfatara near Naples, 11. 314.—made i in 
England from calcined ſhale, 11. 315.— 
quantity of calcined ſhale requiſite for the 
formation of a ton of alum, i. —expence 
of making a ton of alum at Whitby, ii. 
5 
Amalgam, what, iv. 238.—of tin and quick- 
ſilver, ſuppoſed efficacy in purifying water, 
W239. 
Amber, uncertainty of its natural hiſtory, Lil, 
12. 
Ambergris, ſaid to be part of the ſpermaceti 
whale, 111. 14. 
Ambroſe, biſhop of Milan, quoted, iv. 94. 
Analyſis of bodies, what, 1, 99. 
Angleſey, great copper mine there, i. 240. 
Antimony, greatly commended as a medical 
drug by Baſ. Valentine, 1 1. 21.—of what it 
is compoſed, iv. 168.—it's metallic part 
poiſonous, 76. 
Agua fortis, what, i. 251. 
Arabs, their mode of revenging themſelves on 
the Turks of Baſſora, iii. 59. 


Arabic books, tranſlation of, into Lads in the 
1 3th 
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A zth centary excited many to ſtudy che- : 

miſtry, i . 

_ Archal, a cones of aurichalcum, iv. 96. 

Aris, beginning of, preceded the invention of 
letters, i. 1.—many brought to perfection 

before the deluge, and loſt at that time, i. 2. 
DE progreſs of, ſlow, 1. 238. 

Aſphaltum, thrown up from the bottom of the 
lake where Sodom and Gomorrah ſtood, 
iii. 3.—found in the ſame place in the time 
of Eſdras, 111. 4.— called by the Egyptians, 
from it's being uſed in embalming dead bo- 
dies, mumia mineralis—little of it brought 

into Europe, 16. 

Atmoſphere, conjecture concerning the man- 
ner of its original formation, 1. 103.— de- 
prived of heat would conſtitute an hetero- 
geneous cruſt on the ſurface of the earth, 
1. 105. —variably heated by the action of 
the ſun, 11. 85.—of what it conſiſts, 11. 91. 

Aitraction, unknown principle of, cauſe of 
ſolidity, 1. 51. 


B. 


Bacon, Roger, cultivated At. 1. 19.— 
died in 1292, i. 335. — knew the compoſi - 
tion of gunpowder, i. 336.— probably de- 
rived his knowledge of from Arabic litera- 
ture, 1. 337. 

Baker, Sir G. his eſſays nad to, iii. 373. 

Barilla, a maritime plant cultivated in Spain, 
1. 117.— quantity of ſaline matter contain- 


ed in 30 ounces of its aſhes, i. 121.—it's 
aſhes 
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aſhes contain a greater quantity of fixed 
alkali than e A aſnes do, i. 128. 

Bay ſalt, how made in warm 1 1. £8 
naturally formed by the heat of the ſun 
in many countries, 11. 54.— might be made 
in England, ii. 55. — a new method of mak- 
ing hinted at, ii. 57.—differs from ſalt pre- 
pared by boiling, ii. 60. 

Baver, profeſſor, ſuppoſes electricity to be 
the cauſe of the aſcent, ſuſpenſion, and de- 
ſcent of vapours, $3. 70, 

Beccher introduced into Cornwall the method 
of ſmelting tin by pit-coal, i. 33.—had a 
notion of ſeparating pitch and tar from 
pit- coal, ii. 346.— denied that water could 
1 into earth by vegetation, iv. 

29 

Bellows, invention of improperly attributed 
to Anacharſis, iii. 270. method of moving 
by a water-wheel not known to the an- 
cients, iii. 27 1.— advantages reaped by the 
moderns from the diſcovery of that me- 
thod, iii. 272. 
Bengal, heat in, iii. 56.—rainyNeaſon in, iii. 
7. 
Bergman, profeſſor, his analyſis of calamine, 
iv. 16.—his hiſtory of zinc. iv. 26.—omits 
in that hiſtory the mention of Dr. Iſaac 
Lawſon, iv. 33. 
Biſmuth, magiſtery of, what turned yellow 
or black by phlogiſtic vapours, ili. 365.— 
mixed with certain proportions of tin and 


lead, conſtitutes a ſolid metallic ſubflance 
which 


INDEX. 


which melts with the heat of boiling water, 
iv. 190. 


Bigotry in religion, cured by natural philoſo- 


phy, 1. 189, 
Birmingbam manufacturers petition the Houſe 
of Commons againſt the exportation of un- 
wrought braſs, iv. 77. 

Bitumens yield by diſtillation, products of the 
ſame kind as thoſe obtained from pit-coal, 
and from wood, iii. 1.,—are either fluid, as 
naptha and petroleum—tenacious, as mi- 
neral pitch, iii. 2.—or ſolid, as aſphaltum, 
111. 3.—experiment 1lluftrating the conſiſt- 
ence of bitumens, 111. 5.—and conjecture 
concerning their formation ſuggeſted by a 
remarkable rock in the duchy of Modena, 
iii. 9.—found in the ſtratum of ſhale-bind 
in Derbyſhire, iv. 345. 

Black Jack, an ore of zinc, employed not 
many years ago for mending the roads in 
Wales, 1. 45.—weight of a cubic foot of,. 
1. 47.—diſſolved in the acid of vitriol yields 
an air which impregnates water with the 
ſmell of Harrowgate water, iii. 199.—va- 
pour from the ſolution left a purple ſtain 
on a plaſtered wall, reſembling the purple 
ſediment of ſulphureous waters, 6. miſ- 
taken for lead ore, iv. 5.—general account 
of it's conſtituent parts, iv. 12. — where 
found, iv. 20.—uſed for making of braſs, 
16.— that application of it but lately known. 
in Derbyſhire, iv. 21. | 

Blende, the German name for black-jack, iv. 


+ 4.—phoſ- 
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4.—phoſphoric quality of blende from 


Freberg, iv. 43. 
Blue John, a kind of ſpar fuſible in a ſtrong 
fire—weight of a cubic foot of—when firſt 


applied to it's preſent uſe, it. 277.—found 


at Caſtleton and Critch in Derbyſnhire.— 
price of a ton, ii. 278. 

Boerhaave, cenſured Baſ. Valentine for his 
commendation of every antimonial prepa- 
ration, i. 21.—his notion of fire, i. 138.— 
miſtaken as to the degree of cold in which 
animals can live, i. 265,—produced 28 de- 
grees of cold by diſſolving ſal ammoniac in 
water, iii. 137.—account of his experi- 
ments on quickſilver, iv. 230. 

Boles, places in Derbyſhire where lead has 
been ſmelted without the aſſiſtance of a bel- 
lows, iii. 265.—how ſituated, iii. 266.— 
a pig of lead ſmelted in the time of Adrian, 

dug up at one of them in 1776, iii. 267.— 
this method of ſmelting not gone out of uſe 

in the laſt century, 111. 269. 
omare, miſtakes the meaning of the word 
æroſus, iv. 93. ; „ 

Boobs, alchemical ones, all ordered by Dio- 
cletian to be burned, i. 14. — above 5000 
on alchemy publiſhed ſince his time, 1. 15. 
.—near 1000 publiſhed by the ſeveral phi- 
loſophical ſocieties in Europe fince 1665, 
1 | | | 

raf how made, iv. 40.—increaſe of weight 
obtained by the copper uſed in making 
braſs, iv. 50.—increaſe depends on the = 

— 
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lity of the copper, iv. 51.—old braſs mixed 
with the compoſition uſed for making braſs 
1mproves it's ductility, iv. 52.-malleabi- 
lity of, injured when made with pit-coal, 
iv. 53.,—made with black jack, 15.—for 
many purpoſes more uſeful than copper, 
iv. 54—changed by fire into copper, iv. 
55.—varieties in the colour of, to what 
owing, 26.—weight of a cubic foot of Briſ- 
tol plate braſs, and of braſs which had been 
long expoſed to the fire, iv. 58.,—method 

of making quite pure, iv. 64.—made from 
melting zinc and copper together, 1v. 47. 
—and by combining the vapour of zinc 
with copper, iv. 65.—not-neceſlary to have 
it pure, in many manufactories, iv. 66.— 
manufaQory of, hiſtory of it's eſtabliſhment 
in England, iv. 69.—exportation of, pro- 
hibited by ſtatute in the reign of Hen. VIII. 
iv. 75.—bill for repealing that ſtatute paſſ- 
ed by the Commons in 1783, iv. 75.—and 
thrown out by the Lords, iv. 77.—reaſons 
for 3 it out, iv. 79.—Engliſh un- 
wrought braſs allowed to be imported, free 
of duty, into various countries, iv. 81.— 
trade of making of, will probably be much 
affected by a late agreement of the copper 
companies, iv. 84.— making of, not a mo- 


dern invention, iv. 88. 

Braun, account of his diſcovery of the con- 

gelation of quickſilver, i. 268. 

Brazil —braſs lamps what, 1. 191. 

Brine ſprings, the ſtrongeſt yield one fourth 
- 


INDEX. 


of their weight of ſalt, ii. 48.—met with 
in Cheſhire, Worceſterſhire, Staffordſhire, 
cc. ii. 49.—advantage of ſtrengthening 
weak brine or fea water by rock ſalt, ex- 
lained, ii. 51.—concentrating weak brine 
y froſt recommended, 11. 151. 
Bury St. Edmund, heat of the ſprings there, 
iii. 190. N 


Cadmia of Pliny, what, iv. 92. 
Calamine, an ore of zinc, iv. 1.—derivation of 
the term, iv. z2.— where found, iv. 5.— 
formerly ex ported from Great Britain as 
ballaſt, it's uſe now well underſtood, iv. 6. 
.—quantity annually raiſed in Derbyſhire, 
iv. 8.—Derbyſhire calamine cheaper than 
that of Somerſetſhire, iv. 9. —loſes one 
third part of it's weight by ſolution in the 
acid of vitriol, and by calcination, iv. 10. 
-—all ſorts of calamine do not loſe of their 
weight by ſolution, 1v. 16.—method of 
.drefling it for the braſs-makers, iv. 17.— 
Formerly thought to contain no -metallic 
ſubſtance, iv. 21.—reaſon of the miſtake, 
iv. 22.—zinc obtained from it by Marg- 
graaf, iv. 23.—uſed by the ancients for the 
making of braſs, iv. 9g. g 
Callierde, what, iv. 340. 
Cannon, braſs, compoſition of, iv. 126. caſt 
at Woolwich, iv. 127.—price per ton of, 
caſting there, iv. 128.—thickneſs of, at the 
muzzle, and at the touch- hole, iv. 130.— 
gives a louder report than iron cannon, 


76, 
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ts. — why not caſt of copper alone, iv. 
„ 
Cardiganſhire, lead mines in, have afforded 
much ſilver, 111. 312. n 
Carmine, from what prepared, iv. 229. 
Cawk, weight of a cubic foot of, i. 47. 
Celt, Britiſn inſtrument, uſe of, uncertain, iv. 
58, weight of a cubic foot of, :5.—melted, 
gave indications of containing zinc, iv. 59. 
contains no lead.—weight of a cubic foot 
of, after being melted, 18. 
Celtiberians,. their method of hardening their 
arms, i. 220, | 
Charcoal, emits neither vapour nor ſmoke 


during combuſtion, i. 170.—diſtilled with 


vitriolic acid, yields ſulphur, and is re- 
duced to aſhes, i. 175,—manner of making 
of, iii. 17.—quantity obtained from equal 
weights of various woods by the ſame de- 
gree of heat, iii. 27. —attracts in cooling 
ſomething from the air, iii. 27—43,—0f 
leſs dimenſions than the wood from which 
it is made, iii. 28.—62 pounds of it being 
burned yield, according to Van Helmont, 
G1 pounds of an elaſtic vapour, called firſt 
by him Gas, iii. 30.—different accounts of 
the quantity of aſhes procured from the 
burning of charcoal, 11i. 31.—the differ- 
ence accounted for, iii. 32.—atmoſpherical 
air rendered deſtructive of life by paſſing 
through red hot charcoal, or by charcoal 
being burned in an apartment in which 
there is not a ſupply of freſh air, 111. 37.— 

| Ruſſian 
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Ruſſian method of recovering perſons ſuf- 
focated by fumes of charcoal, 111. 38.—ten 

Cubic inches of air reduced to nine by being 
paſſed through red hot charcoal, iii. 39.— 
not decompoſed by long expoſure to air and 
water, 111. 48. 

Cbarring of wood uſed in ſoughs and mines 
recommended, iii. 40. 

Chemiftry, hiſtory of, it's riſe and progreſs, i L 
I. &c.— derivation of the term, i. 68. 

Cherry Hinton, heat of the ſpring there at all 
ſeaſons, 111. 190. 

Chert, found at Bakewell, in Derbyſhire, uſe 

of, ii. 263.—ſubſtitute for flints, ii. 264. 
Chimney, horizontal, for the ſmelting of lead 
ore recommended, iii. 284. 

China, oriental, component parts of, ii. 273. 
—ſubſtances in Great Britain, reſembling 
it's component parts, ii. 275.— German as 
unvitrifiable as the oriental, 11. 279.— 
weight of a cubic foot of oriental china 
compared with that of flint ware, yellow 
ware, Briſtol ſtone-ware, 11. 282. 

Cryſtallization, what, i. 86,—owang either to 
a diminution of the menſtruum, or of the 
heat in which a body is diſſolved, i. 84.— 
water of, what, 1. 125. | 

Cryftal, term whence derived, i. 86.—an- 
cients ſuppoſed rock cryſtal to be congealed 

„ 

Cinder of pit coal increaſes in wei _ by e ex- 
poſure to the air, iii. 46. 

Cinnabar, an ore quickſilver, iv. . | 

evi- 


8. 
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levigated becomes vermillion, iv. 229 
fineſt ſort from Japan, iv. 230. 

Clay, fine white, contains above half of its 
weight of ſand, ii. 258.—conſtitutes the 
baſis of all earthen ware, ii. 259.—blue, 
near Cambridge, analyſed, ii. 288.—con- 
traction of, in burning into brick, ii. 289.— 
uſe of, in promoting vegetation, it. 291. 
Clyſus of nitre, what, i. 311.—yields volatile 
_ alkali, 15. PS | 


Coak, made at Newcaſtle and Cambridge com- 


pared, 11. 339. — becomes denſer by a longer 
expoſure to the fire, but loſes thereby much 
of its weight, 11. 342. — recommended for 
the making of pig-iron, 11. 344.— whether 
there is not a definite weight to which a 
ton of coal ſhould be reduced, in being 
converted into coak, in order to be applied 
to the greateſt advantage to the fluxing of 
iron gre, 11. 345 .— patent for the preparation 
of, granted lately in France, iv. 207. - 
Coaleries on fire in Scotland and in Stafford- 
ſhire, i. 200. | : 


Cobalt, ores of Heſſe, produce an income of 


L£-14000 a year, and formerly employed in 
mending the roads, i. 45 
Colcothar, what, uſed in Paris for poliſhing 
plate glaſs, i. 212. . 
Cold, greateſt ever known produced by diſ- 
ſolving ſnow in acid of nitre, 1. 262.— pro- 
duction, by evaporation, mentioned by va- 
rious writers, iii. 134.—produced by the 
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.- . ſolution of ſalts, iii. 136.—the greateſt de- 
gree produced by the ſolution of ſal am- 
moniac, 16.— quantity produced by the ſo- 
Jution of the ſame ſalt always the ſame, 
whatever be the temperature of the water 
previous to ſolution, iii. 138.—quantity 
produced by different ſalts does not depend 
on any general principles hitherto diſco- 
vered, iii. 141. 

Colours, excellency of, referred to the good- 
neſs of the alkali uſed in dying, i. 301. 

Compaſs, mariners, according to Buffon, known 
to the ancients, w. 117. 

Concentration, what, 1 1. FO. 

Copper waters, copper obtained 3 by means 
.of 1 * i. 234. —reaſon of the proceſs, 1. 
25 

Copperas ftones, what, i. 191. | 

Copper, firft coined at Rome by Servius Tul- 
Iius, and the only money uſed by the Ro- 
mans till the 480th year U. C. iii. 257.— 
weight of a cubic foot of different ſorts, iv. 
56.—denſity much increaſed by hammering, 
iv. 57. —malleability not the only criterion 
of its goodneſs, iv. 68.—veſſels of it kept 
clean may be uſed with ſafety, iv. 185.— 
art of ſilvering of, known to the Romans, 
iv. 187.—how plated with filver, iv. 209. 
—thinneſs of the ſilver on plated copper, 

iv. 210.—plating with tin hinted at, iv. 

5 211. —art of plating with filver, when and 


| * * firſt IR in — iv. 2 
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zelt ſort from Japan, iv. 230. euer 

covered with, in Sweden, iv. 324.— 

weight of, as a covering for houſes, com- 
| PRs with that of lead, ſlate, and tile, iv. 
32 

Craven, in Yorkſhire, lead ore rich in filver 
there, iii. 312. 

Cupellation—cupel, what, iii. 326. 

Cupola furnace, when introduced into Derby- 
ſhire, iii. 273.—called by foreigners the 
Engliſh furnace, iii. 274.—it's advantages, 
111. 276,—method of ſmelting in, deſcribed, 
iii. 278. 

D. 


Denfatiy, mean, of the earth to that of 3 water 
as 4+ to 1. i. 202.—conjecture concerning 
the cauſe of the great mean denſity of the 
earth, i. 203. 

Dephlegmation, what, i. 70. 

Derbyſbire ſtrata, thickneſſes of, 11. 206. 

Detonation of nitre, what, 1. 310. 

Dew falling, collected by ſome bodies 1 not 
by other, iii. 65. —of great uſe to the vege- 
tation of trees in Egypt, iii. 67. 

Diamond wholly volatile in a degree of heat 
in which rubies were unchanged, i. 55. 

Dieſcerides, phyſician to Cleopatra, knew how 
to ſublime quickfilver, and to collect an oil 
from boiling pitch, i. 65. 

Diocletian, in the zd century, ordered all che- 
mical books to be burned, i. 14. | 

Diftillation, what, i. 59. —various kinds of, 1. 
 62.—when introduced into Europe, 1. 64. 
—not known to Dioſcorides, i, 66,-known 

Aaz2 to 
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to Geber the Arab, and to Zoſimus of Pa- 
nopolis, 1. 68. 

Durch ſaid to extract ſilver from lead, which 
cannot in England be refined to advantage, 


111. 330. 
K.. 


Earth, argillaceous, now diſtinguiſhed from 
other earths, 11. 255. 

Earth, calcareous, whence ſo denominated, ii. 
175.—different ſorts of, burned to lime, i 11. 
178.—a definite degree of heat requiſite 
to convert any one ſort of, into the beſt 
lime it will afford, ii. 180—228.—mixed 
with clay eaſily vitrified, 11. 184.— weight 
of a cubic foot of 12 ſorts, ii. 187. —quan- 
tity of lime obtained from each of the 
ſorts, ii. 190.—and from 12 other ſorts, ii. 
192.—medium weight of a buſhel of chalk 
before and after calcination, 11. 194.—re- 
covers in ſome inſtances, by expoſure to 
the air, the whole of the weight loſt by 
calcination, 11. 220.—not altered in it's di- 

menſions by calcination, 11. 230.—loſs of 
weight ſuſtained by various ſorts of, by 
ſolution in an acid, ii. 239,—weight loſt 

N by ſolution nearly equal to that loſt by cal- 

: cination, ii. 245.—the ſubſtance which is 

| loft a ſpecies of air, ii. 246.—heavier than 

common air in the proportion of 3 to 2, 
but contained in the atmoſphere, ii. 247. 
—whether water is contained in pure cal- 

careous earth? 11. 252. iv. 13. . 
- Earth, Fuller's, exportation of, prohibited, 


wv. 80. Egrth. 


INDEX. 


Farth, globe, it's mean denſity, i. 202.—in- 
ternal heat of 48?, ii. 85.—quantity of wa- 
ter evaporated from a definite part of it's 
ſurface, 111. 51. 

Edinburgh, mean heat of the ſprings there, 
111. 193. 

Egyptians ſkilled in making coloured glaſs, in 
metallurgy, in dying leather and linen, in 
engraving upon precious ſtones, i. 13.—of 

the four periods of learning mentioned by 

Pliny, the Egyptian the firſt—books burned 
by the order of Diocletian, leſt the Egyp- 
tians ſhould learn the art of making gold, 
1. 14.— knew the method of 3 gold 
by lead, iii. 322. 

Elements, chemical, what, 1. 100. 

Elizabeth, Queen, wiſe policy of, in promot- 
ing the knowledge of metallurgy, 1. 30. iv. 

123 and china painting, colours for, how 

; made, 111. 320. 

Epheſus, temple of, built on charred piles, 

111. 48. 

Ether, what, degree of cold produced by eva- 
poration of, 111. 123. 

Ewtaporation not ſimply owing to heat, pro- 
moted by dry winds, proportional to the 
ſurface of the fluid, i. 57.—befſt dimenſions 
of veſſels fitted for the evaporation of fluids 
not yet aſcertained by experiment, i. 59.— 
cold produced by, iii. 120.—degree pro- 
duced depends on the ſtate of the atmo- 
ſphere, iii. 124.-—method of cooling li- 
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quors by, iii. 125—129.—ice produced'/by, 
in the Eaſt Indies, iii. 127. 

Exportation of iron, copper, braſs, &c. an- 
ciently prohibited, * 75. 

Fens in Cambridgeſhire more unwholeſome 
in dry than in wet ſummers, 111. 58, 

- Filtration, what, i. 999. 

Fire, dilatation of the dimenfions of bodies 
occaſioned by it, the moſt certain criterion 
of it's prefence and agency, i. 151.—it's 
mode of action attempted to be explained 
on Newton's principles of mutual attrac- 
tion, i. 154.—nothing diſtin from the 
parts of bodies put into motion by various 
cauſes, 2.4 57. —Boerhaave's opinion con- 
cerning it, i. 158.—Euler's opinion, 1. 161. 
elementary, what, 1. 165.— fixed or phlo- 
giſton, what, 1. 166.—ſubterraneous, cauſe 
of volcanos and earthquakes, 1. 181.—ort- 
gin of, illuſtrated by experiment, i. 185.— 
generated ſpontaneouſly by the fermenta- 
tion of vegetable, animal, and mineral fub- 
ſtances, 1. 188. 

Fixity, what, i. 53.—not proportional to the 
hardneſs of bodies, 1. 54. 

Flint enters into the compoſition of ſtone- 
ware, ji. 263.—formerly ground with gra- 
nite, now with chert, it. 264.—ſubject to 
decay, weight of a cubic foot of black and 
white, iv. 61. 

Franklin, Dr. illuſtrates the principle of Wa- 


ter being — in air, iii. 115. 
LET, | | Gall- 
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| G. | | 
in diſcovering minute portions of iron in. 


chalybeate waters, i. 244. 


Geber, called the father of chemiſtry, ii 18. 5 


—uneertainty as to the age in which he 
lived, 1. 19. 6 N : 

Geneva lake, temperature of, at different 
depths, ii. 138. | 

Cilding in Or molu, what, iv. 218. 

Glaſs coloured, making of, known to the 
Egyptians, i. 9.—how coloured, iii. 320. 
—plate made in Picardy, i. 212.—and in 

Lancaſhire, i. 213. conjecture concerning 
a more expeditious method: of poliſhing, 1. 
214.—might be made from Weſtmoreland 

flate, Kc. iv. 333.—foſſil, exiſtence of, 
probable, iv. 335. | 

_ Glaſi-wort all the ſorts of, called kali, i. 115. 

Glaze, black, uſed at Nottingham, ii. 271. 

Cogmagog-Hills, near Cambridge, heat of the 
well there, iii. 189. | 

Golden Calif, probably filed or ſtamped into 

a fine duſt, 1. 12. / | 
Gold uſed in commerce 1100 years before the 
foundation of Rome; 111. 258.—ſtandard, 
what, 111. 334.—tenuity of, on gilt wire, 
iv. 214.—diſſolved by quickfilver, iv. 218. 
—ſeparated by quickſilver from earths and 
ſtones, iv. 221. : 

Granite of Cornwall, thought to reſemble the 
Chineſe petunſe, ii. 274.—of Aberdeen, 

veight of a cubic foot of—leſs durable than 
| | Aa 4 . Guern- 
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3 pebble when uſed for paving, iv. 
343.— found in detached pieces in the 
marl-pits of Cheſhire, on the Welſh coaſt, 
in Weſtmoreland, &c. iv. 349.—primitive 
mountains compoſed of, iv. 350.—many 
varieties of, found in Great Britain,iv. 351. 
—lſome ſorts ſubject to decompoſition by 
the action of the atmoſphere, iv. 352. 

Guaiacum, coal of, takes fire by imple expo- 
ſure to the air, 111. 45. 

Gun metal, of what compoſed in different 
parts of Europe in the laſt century, iv. 
126.—how made now at Woolwich, iv. 
127.—injured by lead, 16. 

Guns, braſs, weight of thoſe now in ule as 
caſt at Woolwich, 1v. 128. 

Gunpswaer made in England in 1417, i. 0. 
— hiſtory of it's diſcovery, 1. 327. — Known 
to Roger Bacon, 1. 335. —and to the Chi- 

neſe above 2000 years ago, i. 340.—of great 
uſe in mining, 16. —firſt uſed in that way 
in Germany, i. 341.—that application of 
it, probably introduced into England by 
prince Rupert, i. 344.—and firſt at Ecton 
in Staffordſhire, i. 342.—how made, ii. 1, 
charcoal of ſoft wood not preferable 
to that of the hardeſt for the making of, 
ii. 3,—made without ſulphur, inferior in 
ſtrength to that which is made with, 11. 7. 
quality of, injured by moiſture, ii. 10.— 
proportion of ingredients in tne gunpow- 
ders of different countries, 11, 16.—pro- 


blem of, determining the beſt poſſible 
pro- 
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proportions not ſolved, ii. 18.—caution 
to be vſed in drying gunpowder left the - 
ſulphur ſhould be evaporated, as it all 
may be evaporated without an exploſion 
taking place, ii. 19.—exploſion takes place 
in the 600th degree of Fahrenheit's therm. 
ii. 20.—effect of moiſture on, ii. 21.— 
keeping it in glazed earthen veſſels, or in 
veſlels of tin or copper, hinted at, ii. 22.— 
method of analyfing, ii. 24.—exemplified 
in ſome ſorts, ii. 28.—bad effects of ſea ſalt 
when mixed with falt-petre, in the compo- 
ſition of gunpowder, ii. 31. _ | 
Gyp/um, what, ii. 293.—uſed by the ancients 
or ceilings, medallions, cornices, &c. 11. 
. 294.—Ethiopians covered their dead with, 


Av. 334. 1 


Haller, baron, could ſmell the perſpiration of 
old people at the diſtance of ten yards, 
111. 88. | 

Halley, his opinion of the origin of the ſalt- 

neſs of the ſea, ii. 96.—controverted, ii. 
98.—quoted on the ſubje& of the ſolution 
of water in air, tit. 11 -- . . 

Hamilton, Dr. his Eſſays referred to, iii. 117. 

Hannibal, conjecture concerning the uſe he 
made of vinegar, in opening his way 
through the Alpine rocks, i. 346. 3 

Harrowgate, heat of ſome ſprings there, iii. 

192.—ſfulphur well there, controverſy about 
it's containing ſulphur, iii. 195.—it's ſul- 
phureous water imitated by diflolving lead 

| ore, 
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ore, or black-jack, in acid of vitriol, iii. 
197.— and by calcined ſea Wrack, iii. 204. 

Heat, different degrees of, uſed. in chemical 
operations, i. 72.—none obſervable in the 
light of the moon collected into a focus, i. 
150.—not produced by the rays of the ſun 
collected into a focus in a medium of an 
uniform denſity, i. 156,—excited by mix- 
ing acids with oils and with water, i. 259. 
—doubtful whether it be ever excited by 
mixture of fluids whoſe , bulks are not 
changed, i. 261. | 

Heberden, Dr. the firſt perſon who obſerved 
that much more rain falls into a rain-gage 
ſituated near the ſurface of the earth, than 
into one of the ſame dimenſions a few 
yards above it, 111. 71. 


Hlenclel, the firſt perſon in Europe who pro- 


cured zinc from calamine, iv. 34. | 

Eerculaneum, the charcoal formed there by the 
lava which deſtroyed the city ſtill entire, 
iii. 48.—veſſels of bronze covered with 
ſilver dug there, iv. 184. 

Herodotus mentions a curious method in 
which the Ethiopians preſerved their dead, 
iv. 334. 

Hermetic art, chemiſtry ſo called from Hermes, 
ſuppoſed to be Mizraim, 1 of Noah, 
1. 10. 

Hermetically ſealed, what, iv. 276. 


Higgins, Dr. has made white copper bon 


Engliſh materials, iv. 118. 


— has remarked that water is . 
| niſhed 
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niſhed in quantity by being frozen, iũ. 
177. 

Hiſtory, antediluvian, contained only in the 
firſt fix chapters of Geneſis, i. 4.—of che- 
_ miſtry, i. 8. authors who have treated of 

Be 

Holywell, method there in uſe of extracting 
ſilver from lead, iii. 328. 8 

Holland, States of, method uſed by, for ſtop- 
ping an epidemieal diſeaſe, iii. 59. 

Hooke, Dr. his opinion concerning: all land. 
being raiſed out of the ſea by earthquakes, 
1. 182,—thought that air ſupported fire by 
diflolving the inflammable principle of bo- 
dies, iii. 40.—thought that the parts of wa- 
ter had different degrees of volatility, 111. 

wes 

Hunter, Dr. his. georgical eflays referred to, 
iii. 117. 

Huntſman, famous for caſting ſteel at Shef- 
field, 1v. 147. | 

j 


Tceland, produced by volcanoes, i. 182. 
Ice, method of making, in the Eaſt Indies, 
iii. 127.—may be made in the middle of 
ſummer, 111. 129.—a ſort of white land, or 
tranſparent ſtone, iii. 173.—uſed as ſtone 
by the Ruſſans in 1739, iii. 174.—loſes of 
1t's weight by expoſure to the air, MW. 175. 
— but not in vacuo, iii. 176.—quantity of, 
on the ſurface of the earth ſuppoſed to in- 
creaſe e 111. 184. —limit to this 1 in- 
| 1 
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India, braſs made there in remote ages, iv. 
106, 5 | 

Tron, known before the deluge, i. 5.—melting 
of, known to the Hottentots, i. 6.—ſoften- 
ed by vitriolic and by ſea water, i. 220,— 
changed into a kind of ſtone, i. 222.—im- 
proved by being buried in the earth, i. 221. 
Iv. 63.—apparent tranſmutation of, into 
copper explained, i. 234.—from Lancaſhire 

ore as tough as Spaniſh iron, iv. 66.—few 
ſorts of, fit for making ſteel, iv. 67.—uſe, 
of in war forbidden the Romans by Por- 
ſenna, iv. 115,—great loſs of, when manu- 
factured, iv. 192.—uſed for covering of 
houſes in Norway, iv. 193.—and in Ruſſia, 
IV. 32 

ety biſhop of Seville, quoted, iv. gs. 

Fapaneſe, ſaid to bury their iron in order to 
meliorate it, i. 221. „ : 

Jet diſtinguifhed from cannel coal, 11. 11.— 
weight of a cubic foot, 111. 12. | 

Jews, whether they knew the art of tinning 
copper veſſels, iv. 182. 

1 1 

Kali, Arabic name for glaſs-wort, or marſh 

- ſamphire, 1. 115. | 

Kebble, weight of a cubic foot of, i. 47 

Kelp aſhes made in various parts of Great 
Britain, i. 117.—analyſed, i. 119.—con- 
tain leſs fixed alkali than is contained in 

_ Spaniſh barilla, i. 128. 

Kendale, price of Weſtmoreland ſlate there, 


IV. 320, | 
| Kunchel, 
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Kunciel, his proceſſes for enamelling may be 

relied on, i. 34. | 
| | L. 

Lapis obſidianus, what, iv. 334. 

Lapis ſpecularis, what, ii. 297. —uſed by the 
Romans for protecting their fruit- trees, ii. 
298. — eſteemed by Agricola a ſort of plaſter 
ſtone, 11. 301. 

Lande, M. de la, too haſtily concludes that 

the Romans did not know the art of tin- 
ning copper veſlels, iv. 183. 

_ ZLlanrhaid's (paw, heat of, iii. 192. | 
Lawſen, Dr. Iſaac, probably the ſecond per- 
ſon in Europe who procured zinc from ca- 
lamine, iv. 39. | | | 

Lead in a ſtrong fire burns like rotten wood, 

-1. 171,—-changed by burning into aſhes, 
and the aſhes into glaſs, i. 178.—the aſhes 
or glaſs being melted with charcoal, or any 
ſubſtance containing phlogiſton, become 
lead, i. 179.—melted exhibits a ſucceſſion 
of colours, iii. 248.—property of exhibit- 
ing colours deſtroyed by the admixture of 
| ſmall portions of tin and zinc, but not by 
biſmuth or filver, iii. 246,—contained in a 
large proportion in the flags of the melt- 
ing houſes, iii. 294.—quantity of, annually . 
ſmelted in Derbyſhire, 111. 315.—conjec- 
ture that if all that is raiſed in the king- 
dom was refined for filver, there would be 
an annual ſaving of ninety thouſand ounces 
of ſilver, iii. 316,—quantity of lead loſt by 


extracting the ſilver, iii. 330,—weight of 
—* ada cubic 
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a eubic foot of various ſorts of, iii. 359.— 
quantity of filver contained in theſe ſorts, 
111. 360.—heavieſt contains leaſt filver, 7b. 
weight of a ſquare foot of, when uſed as 
a covering, laſts but a few years in the tor- 
rid zone, iv. 322.—milled more uniform in 
thickneſs than caft, iv. 323.— inferior as a 
covering to Weſtmoreland ſlate, iv. 324. 


| Lead, red, or minium, how made, iii. 339.— 


manner of making not well underſtood in 
France, 111. 342.—weighs more than the 
lead from which it is made, iii. 345 the 
increaſe of weight owing to the air which 
3s abſorbed by it, iii. 347. — when reduced 
into lead does not weigh ſo much as the 
lead uſed in making it, iii. 349. — made 
from a mixture of ore lead and flag lead, 
111. 35 1.—a portion of lead remains in 
making red lead, which cannot eaſily be 
changed into red lead, iii. 352.—this por- 
tion does not contain any extraordinary 
quantity of ſilver, iii. 354. reduced by be- 
ing melted in inflammable air, 111. 374. 
Lead, white, or ceruſſe, how made, 111. 361. 
—our method of making, the ſame as that 
of the ancients, 111. 362.—Roman ladies 
uſed it as a coſmetic, uſe of it cenſured by 
St. Jerome, iii. 363.—uſed to adulterate 
wines, iii. 369.——method of detecting the 
adulteration, iii. 371. 

Lime, quantity of, obtained from various FLAY 
of calcareous earths, ii. 190.—from the 
ſame ſort of earth calcined for different 
| 1 —_— 
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lengths of time, ii. 204.—increaſe of weight 
acquired by various ſorts of, when expoſed 
to the air, ii. 215.—the ſubſtance acquired 
not evaporable by the heat of ſummer, ii. 
E17 IE | 
2 e, what, 111. 325.—quantity of, obtain- 
ed from a ton of lead, iii. 329. 
London, mean heat of ſprings there, iii. 193. 
Looking-glaſſes, how filvered, iv. 240.—in- 
quiry into the time when the art of ſilver- 
ing them was diſcovered, iv. 241.—men 
employed in filvering become paralytic, 
i | 
Luc, M. de, of opinion that the Glaciers of the 
Alps annually increaſe, ii. 184.—heat of 
boiling water aſcertained by, iii. 158. 
Lulley, Raymund, born at Majorca, introduced 
the notion of an univerſal remedy, i, 20. 


Manganeſe, uſed in giving a black glaze to 
earthen ware, ii. 27117. 
Marble, black Derbyſhire, weight of a cubic 
foot of, 11. 207. weight of lime from a ton 
of, 16.— Sienna, ſtatuary, &c. ſpecific gra- 
vities of, and quantities of lime from given 
weights of, ii. 187. | 
Marcafite, what, 1. 191. 3 
Marle, what, ii. 283.—method of analyſing, 
ii. 285,—yarious in quality in the ſame pit, 
ii. 287. | DDE 
Metals, three new ones lately diſcovered, i. 
43. —compoſed of earth and phlogiſton, i. 
e 5 177 · 
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177.—ſix known to Moſes, iii. 255, ic 
tinguiſhed from ſemi-metals, iii. 256. 
Metallurgy, known to the antediluvians, i. 5. 
. —and to the Hottentots, 1. 6.—and to the 
Egyptians before the time of Moſes, 1. 18. 
no books on, left by the ancients, i. 28. 
—1mprovement of, important to this coun- 
try, and beſt accompliſhed by the eſtabliſh- 
ment of a chemical academy, 1. 47. 
Middleton, Sir Hugh, cleared large ſums from 
the lead mines in Cardiganſhire, and en- 
abled thereby to undertake-the bringing the 
new river from Ware to London, 111. 312. 
Milled lead, uſed near a — ago for ſheath- 
ing of ſhips, iv. 194. 
Mining, gunpowder of uſe in, i. 340: 3 
ting rocks by the ſwelling of wet wooden 
wedges, an art of the miners, 1, 341.—by 
wooden fires an ancient and modern prac- 


tice, 1. 344. 
Modena, a remarkable rock in the zurn, of, 
iii. 9. 


Money, coined of pewter by 128 . i 146. 
—and by the American Congreſs, iv. 136. 
Aer did not probably either calcine the 
golden calf or render it ſoluble in water, 
1. 12. 5 

Motion, conſtituent parts of bodies always i in 
motion, 1. 155. | | 

Mumia mineralis, what, 111. 4. 

Muratori quoted, iv. 241. 

Muſſebenbroeck referred to, iii. 116—his eſti- 
mate of the weight of Engliſh tin, iv. 161. 
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Napb tha, what, iii. 2. : 

Nero and his wife ſhod their horſes with gold 
and ſilver, iv. 188. 

Neutral ſalts, what, i. 142. —table of, 1. 146. 

Nexocaſtle coal-pits, wrou ght in the time of 
the Romans, ii. . | 

Nile, overflowing © ſtops the plague in 
Egypt, iii. 58. 

Nitre and ſalt-petre ſynonimous terms, i. 247. 
— decompoſed, and the red fumes of it's 
acid made green by the addition of water, 
i. 248.—decompoſed by diſtilling it with 
white ſand, i. 253.—compoſed or regene- 
rated, made inſtantaneouſly by mixing a 
folation of pot-ath with acid of nitre, 1. 
12 

Nuremberg, brafs made there, fitteſt for muſi- 
cal nene, iv. 52. 


f 0. EE 
Oak, dry, quantity of aſhes from the combuſ- 
tion of, and quantity of ſaline matter from 
the aſhes, i. 132.—raſpings of heart of, 
give a fine blue colour with a ſolution of 
goo vitriol, i. 245. products from the 
iſtillation of ounces of, ii. 327.—in- 
flammable air from, 11. 329. —Ccontains one 
third of its weight of air, ii. 333.—great 
loſs of weight ſuſtained by, in a few days, 
when ——_ to the air, iii. 20.—weight 
of charcoal from 96 grains of, iii. 27. 
Oil of turpentine diſtilled with acid of ſul- 
phur yields ſulphur, i. 176,—mixed with 
Vol. Iv. B b acid 
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aeid of nitre takes fire, i. 256.—Borrichius 
the firſt obſerver of the phenomenon; au- 
- thors referred to who have proſecuted the 
Inquiry, i. 258. 
Oi from the diſtillation of pit- coal of two 
ſorts, i. 32 1.—quantity of, ſeparable from 
a given weight of the coal, i. 322:—from 
the diſtillation of various woods of the 
ſame nature as that from coal, i. 327.— 
ſaving of, recommended to the burners of 
charcoal, i. 332. | | 
Onions germinating in the open air, are in- 
creaſed in bulk, but diminiſhed in weight, 
vo 7 | 
Ordnance, braſs, caft at Woolwich, iv. 127. 
Ore, lead, purchaſing by meaſure liable to ex- 
ception, iii. 209 —ſpecimens of, equally 
free from ſpar, differ greatly in weignt, iii, 
310 — ſpecific gravity of different ſorts aſ- 
certained, ili. 212.—does not yield its lead 
as ſoon as it is melted, 111. 217.—yields 
lead without the addition of phlogiſton by 
being kept in fuſion for a long time, iii. 
219.—does not yield ſulphur by diftilla- 
tion, iii. 220.—may be wholly ſublimed 
by a ſtrong heat, ii. 222.—cannot be de- 
compoied in cloſe veſſels, iii. 224.—ſub- 
limed ore reſembles common ore in ap- 
. and weight, iti. 227.—ſulphur 
ſeparated from, by ſolution in acid of ni- 
tre, iii. 228 4 ſulphur co:ftitutes not leſs 
than a ninth part of the Derbyſhire lead 
ores, iii. 231 —ſ.ving of ſulphur” recom- 
mended, iii 233,—ſublimate of lead ore, 
| ſaving 
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faving of recommended, iii. 242.—ſmelted 
by wood yields more lead than when ſmelted 
by pit-coal, iii. 253 e eee in 
melting hinted at, iii. 282. 

Orte, iron, from Furneſs yields a tough i Shoe 
iv. 66.— from the foreſt of Dean, 18 for 
bar iron, iv. 67. 

oOrichalcum, in the time of Cicero, a cheap 

metal reſembling gold in colour, iv. 85, 
probably the fame as our braſs, iv. 87. 
made by the Romans from the ſame mate- 
rials from which we make braſs, i iv. 89.— 
made after the ſame manner in the moſt 
remote ages in India, and in other parts of 

Aſia, iv. 106.—ſuppoſed that there was a 
factitious and a natural orichalcum, iv. 107. 
— doubt concerning the exiftence of the 
natural, iv. 109.,—was no where found in 
the age of Pliny, nor of Plato, iv. 110.— 
high reputed value of, no proof of it's be- 
ing different from braſs, iv. 112. deri va- 
tion of the term, iv. 122. 

Orkney Iſlands, large quantities of kelp aſhes 
made there, 1 1.118. 

P. 

Paracelhu rejected galenical and introduced 
chemical pharmacy, 1. 25.—revived the 
notion of an univerſal medicine, i. 27.— 
boaſted that he could cure two hundred 
diſeaſes by preparations of lead, iii. 372. 

Patterdale, near Keſwick, a lead mine rich in 
filver there, 1 iii. 256. 

Pavement with Guernfey pebble and with 

e 1 2 2 Aber- 
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Aberdeen granite compared, iv. 343.—ex- 
pence of ee in the roads of Lancaſhire, 
IV. 4 Wn | = 
5 ory di account of the quantity of ſilver 
made at Holy well, iii. 329. 
Pennarib limeſtone, its ſpecific gravity and 
peculiar quality, iv. 346. | „ 
Percival, Dr. his eſſays referred to, iii. 72 


Pra ſmelted filver without a bellows, 

probably after the manner that was an- 
ciently praQiſed in Macedonia, and in 
Derbyſhire, iii. 264—uſed a poliſhed lava 
for a ſpeculum, iv. 141. | 

Petroleum, what, iii. 2. 

Peauter, of what it is made, of 3 ſorts, iv. 167, 
—yeight of a cubic foot of each ſort, iv. 
169,—mixture for making a filver-looking 
metal, iv. 170. —affectation of myſtery in 
the manner of making, iv. 171. 

Phlegm, what, i. 69. en | 

Phlogifton, what, i. 167.—identity of, aſcer- 
tained, 1. 179.—probably an elaſtic inflam- 
mable fluid, iii. 37. 3 

Pit-coal, Newcaſtle, Halle, Alais, diſtilled, ii. 
318. —watery liquor ſeparable therefrom 
contains both an acid and a volatile alkali, 
11.. 321.— two ſorts of oil procured from, by 
diſtillation, ii. 322.—contains a third of it's 

weight of air, 11. 325.—loſes g parts in 20 
of its weight in being converted into coak, 
11. 345 —pitch and tar made from, by Bec- 
cher in Charles IId's time, it, 346.—and 

on more 
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more recently at Liege and at Proſely, ji. 
347. average 3 of, annually im- 
ported into London, ii. 358.—weight of a 
Newcaſtle and of a London chalder of, ii. 
360.—weight of a cubic foot of various 
ſorts of, 11. 361.—medium weight of a 
_ "buſhel of, ii. 364.—burning- of, introduc- 
ed into London in 1305, ii. 265,—preju- 
dice againſt the ufe of, ill founded}; ii. 366. 
tar diſtilled from, in France, iv. 207.— 
method of diſtilling brought to great per- 
fection by the earl-of Dundonald, iv. 208. 
 —rounded by water, iv. 346. | 

Pitch, mineral, what, iii. 3. 

Plaſter ſtone, what, ii. 296.— quantity of, 
raiſed annually near Newark, ii. 310.— 
compoſed of calcareous earth united to the 
acid of vitriol, n. 311.—ſoluble in water, 

ii. 300. 

Plate, French, what, iv. 212. 

Platina, a ſeventh metal, lately diſcovered, 

46. | | 

. Porcelane, how made, ii. 273.—Dreſden as 

unvitrifiable as the Aſiatic, ii. 279.—reaſon 

for eſteeming that ſort moſt which is leaſt 

.vitrifiable, ii. 280. beſt method of encou- 

raging manufaQories of, in Europe, 11. 282. 

Porſenna did not allow the Romans the uſe of 

iron in war, iv. 115. 3 

Por- aſp, what, i. 131 - quantity of, contained 

in wood-aſhes, 1. 133. — making of, encou- 

raged, i. 135.—various hints relative there- 

to, ii. 254. 7 


Bb 3 Por- 


Pot-metal, what, * dads by the ancients, 

iv. 135.—medals made of, after the age of 
Sep. Severus, iv. 138. 

Precipitation, explained, i. 232: 

Pre-emption of ores, right of, ſhould be abo- 
liſhed, iii. 310. | 

 Priefthey, Dr. his experiments referred to, ili. 
41, 42, 152, 169, 373. iv. 304. 

Primaſius, biſhop of Adrumetum, quoted, 
v0. 

Putty, what, 1. 71. 

Pyrites, what, i. 191 ple amongſt pit- 
coal, i. 194.—heaps of, take fire ſpontane- 
ouſly, ib.—land abounding with, has taken 
fire after rain, i. 197.—might be diſtilled 
for ſulphur; green vitriol made from, in. 
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Quart, weight of a Ju foot of, iv. 346.— 
two pieces rubbed together give a phoſpho- 
ric light; Briſtol ſtone, pureſt ſort of, iv. 
347.—ſubje& to decay; conſtitutes ſands 
of various ſorts, iv. 348. 

Duickfilver, reduced to the tate of a malleable 
metal both by natural and artificial cold, 
i. 262, &c,—evaporable in vacuo, iii. 109. 
—tranſpirable through the 2 of the 
ſkin, iv. 218.—diffolves gold, iv. 219.— 
uſe of, in the gold and filver mines of 
America, iv. ,224.—no mines of, in Eng- 
land, iv. 222.—mines of, in Spain, Hun- 
gary, America, iv. 223,—how to be diſco- 


vered in any mineral, iv. 226. 
5 ; Raiz, 
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Rain, different quantities which fall on equal 
ſpaces ſituated upon or at. a few yards 
above the ſurface of the earth, iii. 72.— 
Phenomenon attempted to be accounted for, 
lil. 73, 104. | 

Refification, what, 1. 70. 

Reduction, what, i. 178. 

Retort, receiver, what, 1. 63. 

Reck-ſalt, at Northwich, in Poland, in Spain, 
ji. 43.—quantity of, ſoluble in a definite 
weight of water, ii. 45 —uſe of, in ſtrength- 
ening ſeawater or weak brine, ii. 51. 

Romans had an imperfect knowledge of Bri- 

tain in the time of Cicero, iii. 302.—pro- 
bably taught the. Britons the art of extract- 
ang ſilver from lead, iii. 303.—knew our 
method of making braſs, iv. 97.—compo- 
ſition of ſtatuary metal uſed bf them, iv. 
126. compoſition of their pot-metal, iv. 
135.— knew our method of tinning cop- 
per, iv. 185. —uſed glaſs for their windows, 
iv. 244. : 

Roy, Mr. Le, an ingenious experiment of his, 

illuſtrating the ſolution of water in air, ili. 
114. 555 

Royal Society, origin of, i, 31. 

. 8. Pe 

Saccharum Saturni, what, ili. 369,—wine adul- 

terated by, iii. 370.—method of diſcover- 

ing the adulteration, iii. 377. 
Saline ſubſtance, what, i. 100,—0f three ſorts, 
Bb 4 acid, 
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acid, alkaline, neutral, i. 112.—tables of, 

1. 144. —compdſition of, i. 147. | 

Salts, all the different ſorts aſſume in cryſtal- 

 lizing their own particular form, i. 86. 

Salt, common, compoſed of an acid and the 

mineral alkali, how decompoſed, ii. 34.— 

ſtrongeſt part of its acid very volatile, ii. 

36.—how made, ii. 37,—diſtinguiſhed into 

foſſil or rock falt—ſpring ſalt—ſea falt— 

31. 38.—faſſil firſt diſcovered an. Cheſhire 

in 1670, 16. —ſalt fprings above and below 

the bed of rock ſalt, ii. 39. — mines at 

Northwich ſuperior to thoſe of Cracow, ii. 
41.—rock ſalt uſed in ſtrengthening weak 
brine, great quantities exported for that 
purpoſe from Northwich, 11..42.—ſhivery 

common ſalt. how made, ii. 62.—ſecret of 
the Dutch in purifying, ii. 64. —refuſe 

uſed as a manure, ii. 3 —applied as a ma- 
nure in too large quantities produces ſteri- 
lity, ib. whether daily generated, 11. 109. 
probability of decompoſing it by putre- 
faction, ii. 356. . 

Salt-petre, manufacturing of, formerly much 
attended to in England, i. 286.—authors 
referred to who treat of the manner of 
making it, i. 291 —dearneſe of labour and 
of wood aſhes, principal reaſons of the fail- 
ure of attempts to eftabhſh manufactories 

of ſalt-petre in England, i. 293.—wood- 

. aſhes not neceſſary in all caſes to the mak- 
ng of ſalt- petre, 16.—ſalt- petre or ſal pe- 
træ derived from the ſaline ſhoots met with 

| 2 on 
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on old walls, i. 298.—a lump of, found in 
digging gravel near Bury St. Edmund, i. 
295.— mineral alkali faid to be ſpontane- 
ouſſy changed into ſalt-petre, i. 300.—not 
always accompanied with fea ſalt in the 
earths where it is generated, i. 302.—dif- 
ficult to decide the queſtion how it is ge- 
nerated, i. 303.—never produced except in 
ſubſtances which have undergone a putre- 
faQive fermentation, i. 308.—it's produc- 
tion connected with that of volatile alkali, 
i. 309.— manner of making of, in the Eaſt 
Indies, i. 324.—and in Spain, i. 421,— 
quantity imported into England annually 
from the Eaſt-Indies, i. - 324.—quantity 
made in France, i. 325.—wiſe policy of 
the French and inadvertence of the Eng- 
liſh noticed, i. 326.— the Pope and duke of 
Bavaria amongſt the firft princes in Europe 
who encouraged the making of ſalt-petre, 


As 333 E | . — 
Sailors, a cuſtom: of their's well founded, iii. 


124. , oy Os 
Sanctoriuss eſtimate of che quantity of inſenſi- 
ble perſpiration, ili. 89. 5 


Saturation, what, i. g. : 
_ .Scurvy, thought to be produced in our fleets 
by the uſe of copper veſſels; iv. 151. 
Sea-water, ſaltnefs of, not known whether it 
is greater or leſs at any particular place 
now than it was many centuries ago, ii. 95. 
 — different opinions concerning the cauſe 
of the ſaltneſs of, ii. 96.—ſaltneſs of, in 
ET: many 
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many different latitudes mentioned, ii. 111. 
—an eaſy method of eſtimating the ſaltneſs 
of, ii. 116.—ſaltneſs of, at different depths 
inthe Engliſh channel, in the gulph of Both- 
nia, and off Shetland, ii. 120,—tempe- 
rature of, at different depths, ii. 134.— 
teſtimonies of navigators concerning the 
congelation of, ii. 14r.—it's- ice yields 
freſh water, 11. 147.—degree of heat in 
which it freezes, #54.—might be advantage- 
ouſly frozen by the makers of ſalt, ii. 151. 
yields freſh water by diſtillation, ii. 162. 
covers near three fourth parts of the 
globe, ii. 160. — account of Dr. Irving's 
method of diſtilling ſea water, ii. 165.— 
diſtilled ſea water not quite pure, ii. #68. 
Selenites, rhomboidal, of what compoſed, ii. 
296.— found at Shotover, near Oxford, ii. 
1 | 4 51 . 
es 6 an indurated clay, alum made from, ii. 
314.—impregnated with a mineral oil, iii. 
___ 8.——thickneſs of the ſtratum of, in Derby- 
| ſhire, ii. 206,—weight of a cubic foot of, 
WW. 345 „ 9k: 
Shrewſbury, Welch filver minted there in the 
great rebellion, iii. 312. 3 . 
Shuckburg,. Sir G. his account of the heat of 
boiling water, 111. 158. 
Silver, no mines of, in Great Britain, iii. 301. 
D contained in our lead ore in great plenty, 
311. 307. — above 9oooo ounces of, might 
be annually extracted from our lead, 11. 
316,—ftandard, What, iii. 332. contained 


INDEX. 


inred lead, ili. 355 —and in flag lead, ili. 
357. —may be volatilized, 16. — quantity 
2 contained in different ſorts of lead, iii. 
300. 

Slags, from the lead ſmelting houſes contain 
much lead, iii. 264.—weight of various 
ſorts eſtimated, iii. 298.—and of i iron ſlag, 
iii. 300. 

Vlale. Weſtmoreland, weight of, iv. 31 1.— 
imbibes very little water, iv. 314.—price 
of, at Kendale, iv. 320.—quantity of, re- 
quiſite to cover 42 ſquare yards of roof, 1b. 
—applied as a covering nearly as heavy as 

lead, iv. 326.—cheaper and more durable 
than lead, iv. 324.—loſes about one tenth 

. of it's weight by calcination, acted on by 

acids. iv. 330.—diftilled gives no water, iv. 
332. —may be melted into a black glaſs. 
iv. 333.—eſtabliſhment of glaſs houſes at 
the ſlate quarries recommended, iv. 334.— 
from Northamptonſhire, a calcareous ſtone, 
ſplit by froſt, iv. 316.—weight of, iv. 327. 
from Cornwall, weight of, iv. 319. 

Snow, it's fertilizing quality not owing to nĩ- 
trous or other ſalts, ii. 79. —water of, it's 
difference from rain water, il. 81.—not the 
cauſe of wens in the throat, ii. 157.—height 

above the ſurface of the earth at which it 
never thaws in different latitudes, iii. 183. 

Soda, or ſoude, the ſame as kali or glaſs- wort, 
i. 116. | 

Soil, ſandy, may have a moiſt atmoſphere, i iii. 
650. may be too wet or too dry for vege- 

tation, 


INDE X. 


tation, ili. 61,—many ſoils injured by 
taking away pebbles of flint or hmeſtone, 
111, 62. ER | 

Solution, what, i. 78.—o0wing to attraction, i. 
82.—diſtinguiſned from mixture, i. 93. 

Seugb, a large one in Derbyſhire, iii. 8. 

. Specula, ancient, iii. 335. iv. 139.—manner 
of catting, improved by Mr. Mudge, iv. 
142. | 5 5 

par, rhomboidal and cubical, compared, ii. 
276.—ſpecific gravities of, aſcertained, iii. 
315. | 

0 6. porous When not in a ſtrong fuſion, 

iv. 146.—caſting of, when and by whom 
introduced at Sheffield, ib. price of caſt- 
ing, of drawing into the ſhape of razors, 
&c. iv. 147. —runs from the hammer like 

ſand in a welding heat, iv. 148. 

Stone, ſeveral ſorts of, diminiſhed in denfity 

and decompoſed by long expoſure to the 
air, iv. 60.—weight of a cubic foot of 
many ſorts, iv. 338. 5 

Strabo deſcribes an ore of zinc, iv. 97. — and 
the formation of the Rheniſh mill-ſtone, iv. 
352. | 

Sub emation, what, i. Goe—of quiekſilver 
known to Dioſcorides, i. 66. | 

. Sulphur compoſed of an acid and r we, 

i. 169.— proportion of theſe parts formed 

by diftilling the acid of ſulphur with char- 

coal— and with ſpirits of wine—and with 

dil of turpentine—and by pouring the acid 

on melted lead, i. 173.—ſublimed _ 
85 Far- 
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Harrowgate water, iii. 196.—contained in 
the lead ore of Derbyſhire, iii. 232.—ob- 
tained from the roaſting of copper ore, and. 
might be obtained from the pyrites which: 
is found amongſt pit-coal, iii. 293. | 
Sqveat, evaporation of, cools the body, iii. 
130. „„ Ok | 
Saveden, uſe of copper. veſſels aboliſhed in the- 
navy and army of, iv. 150. | 
T | 


Table of the weight of a cubic foot of cawk,. 
Kc. 1. 47.—of ſalts in general, i. 144.— . 
of neutral ſalts with alkaline baſes,. i. 145. 
of the quantity of falt-petre imported 
into England in 7 years, i. 324.—and of 
the quantity exported, 76.—of the propor- 
tions in which the materials for making 
unpowder are uſed in different countries, 
11. 16.—of the temperature of the lake of 
Geneva at different depths, ii. 138 —of the 
weight of a cubic foot of various calcareous: 
ſtones, ii. 187.—of the loſs of weight ſuſ-- 
tained by calcareous: ſtones during calcina- 
tion, ii. 190.—of the thickneſſes of the ſtrata 
in Derbyſhire, ii. 206.—of the increaſe of 
weight which different limes acquire by 
expoſure to the air, ii. 215.—of the loſs of 
weight ſuſtained by different calcareous 
ſubſtances during their ſolution in an acid,. 
ii. 239—244.—0f the relative weights of 
china, flint ware, yellow ware, 11. 282.— 
of the products obtained by diſtillation 
from different ſorts of pit-coal, ii. SR 
Fa PI an 
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and of the different ſorts of wood. fi. 327. 
—of the quantity of pit-coal annually im- 
ported into London, 11. 358.—of the weight 
of a cubic foot of different ſorts of pit-coal, 
11. 361.—of a cubic foot of different ſorts 
of wood, 111. 19.—of the weight of char- 
coal from different ſorts of wood, 111. 27.— 
of the heat of boiling water, ili. 158.—of 
the weight of a cubic foot of different lead 
ores, iii. 210.—and of ſpars, iii. 215.—and 
of various flags, iii. 298.—and of toad- 
ſtone, &c. iii. 300.—of the quantity of 
ſilver extracted from lead in Wales, iii. 328. 
—of the weight of different ſorts of lead, 
111. 359.—of the ſilver contained in the 
ſame, 11. 360.—of zinc contained in dif- 
ferent calamines, iv. 24.—of the weight of 
different pieces of braſs ordnance, iv. 128. 
—of the weight of a cubic foot of yarious 
mixtures of tin and lead, iv. 165.—of pew- 
ters, iv. 169.—0of the weight of a cubic 
foot of various ſorts of Weſtmoreland 
Nate, iv. 311.—»f the quantity of copper 
ſlate, &c. requiſite to cover 42 ſquare yards 
of roof, iv. 326.—of the weight of a cubic 
foot of ſeveral ſorts of ſtones, iv. 338. 
| Tar, method of making of, i. 348.—made 
from pit-coal at Liege, ii. 349—making 
of, recommended to the burners of coak, 
ii. 351.—and of charcoal, ii. 352.—made 
by the earl of Dundonald, and in France, 
iv. 208. 1 35 
Tartar, what, i. 137.—ſalt of, what, 138. 
| 1 | cream 
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—cream of, what, iþ.—oil of delignium, 
what, i. 139.—quantity of water attracted 
from the air by, iii. 97. 
Teft, what, iii. 324. > £8 
Tile, common, imbibes much water, iv. 314. 
great weight of, when applied as a co- 
vering for houſes, iv. 326. 
Tin, a ſmall portion of, deſtroys the colours of 
melted lead, iii. 245.— principal ingredient 
in the mixture for tinning copper veſſels, 
iv. 153.—uſed alone for that purpoſe, 15. 
' —pure Engliſh contains no arſenic, iv. 155. 
—pure uſe of, not unwholeſeme, iv. 157.— 
purity of, how aſcertained in Cornwall, iv. 
 159.—block of, what, i4.—in Holland all 
forts of, fold as Engliſh tin, iv. 161.— 
weight of, iv. 162.—in ſetting after fuſion | 
z brittle, 15.—grain, what, iv. 163, 164.— 
mixed with lead, iv. 165.—Engliſh, ſaid by 
foreigners to be a mixed metal, iv. 173.— 
melts with leſs heat than any ſimple metallic 
ſubſtance except quickſilver, iv. 189. 
Tinning of copper, thickneſs of the tin on the 
copper, iv. 180.—improved method of, 
lately diſcovered at Paris, i6.—art of, 
known to the Romans, iv. 185. 
Tinning of iron, how performed, iv. 196.— 
whether iron might not be filvered in the 
ſame way, iv. 200.—quantity of tin uſed 
in covering. a definite ſurface of iron, and 
the thickneſs of the tin eſtimated, iv. 202» 
— hiftory-of the tin plate manufaRory, iv. 
203. _ 


* * 
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— | Derdyltire, thickneſs of it's ſtra- 
tum, ii. 206.—reſembles ſome ſorts of Ve- 
ſuvian la va in hardneſs, colour, and res 
Hi. 299 may be melted i into a black glaſs, 
is reduced by the air into mould, 5 of 
a compact and of a decaying piece, iii. 

zoo. — ſtones reſembling toxefipne found 

in various places, iv. 337. | | 

T; ranſmutation of metals, uncertain when the 
notion was introduced, i. 16.—never prov- 
ed to be an impoſlible problem, - 76. .—prac- 
tice of, prohibited by Pope John in 1316. 
—and by Ac of Parliament, 5 Hen. IV. 

ib. —allowed by lewers . 35 H: n. 
n 5 coop BY 

Ti utenag, the Iodian name fo for zinc, TV: EY 

Valentine, Baſile, greatly contoibunet 10 Ithe 

* introducing antimony into che PR of 
phyſic, i. 112. 

Vapour, rifing from the ground in dry wea- | 
ther, quantity of, eftimated, nt. 53.—is at- 
+ ora by glaſs, but not by we 5 1. 

2 

Prgetation, im proved by {mall 3 of 
common falt, ii. 75. — influenced by the 
quantity of water raiſed from the earth, iii. 
64.—light and air requiſite for, iv. 301,— 
water converted into earth by, 1 iv. 307. ; 

Fermillien, what, iv. 299 ; 

I green, what, i. eln 3 5 
210. —decompoſed, i. 2771.—phlegm, ſpirit, 

| "ol; glacial oil of, }. 2235,—natives how 

| formed, 
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formed, i. 216.—met with in the cannel 


coal-pits near Wigan, i. 218—blue, white, 


what i. 222.—green, how made at Dept- 


5 ford Wigan, &c. i. 224.— price of, ſunk, 


1. 226.— hiſtory of it's being made in Eng- 
land, 1. 227.— manner of diſcovering whe- 

ther it contains copper, i. 229.—may be 
made after copper is precipitated by iron, 
1. 242. 


Von Swab. diſtilled zinc from black- jack in 


1738, i. 45. 

Volatility, what, i. 53. —— 

Volcanoes, iflands. produced by 4. 183. 

Water, ſnow, rain, analyzed, ii. 80.—ſea, 
contains aboat 38 of it's weight of ſalt, ii. 

98.— river contains about one four thou- 
ſanth part of it's weight of ſalt; ii. 110. 
frees itſelf from ſalts, earths, air, by conge- 
lation, 11. 152.— great quantity of evapo- 
rated from the ground in hot weather, iii. 
52.—quantity condenſed. by glaſs veſſels, 

iii. 68.—diſſolved in the air, iii. 76,2 
verſe in Geneſis illuſtrated from the ſolu- 
tion of water in air, iii. 86. how extract- 
ed from the air in the drieſt weather, iii. 
92:—imbibed by the human body from the 


air, iii. 103.—boiling heat of, aſcertained, 


iii. 158.—a curious experiment relative 


thereto, iii. 159.—phenomenon of boiling, 


not well aſcertained, iii. 165.— ſpring, heat 
of in different parts of England, iii. 188,— 
tranſmutability of, into earth; hiſtory of 

VOL, 11x. Cc expe- 
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experiments relative thereto, iv. 257.— 
made red hot, iv. 27 3.— quantity of, on 
' the ſurface of the earth daily diminiſhed, 
_ Iv. 279.—ſuppoled to be the food. of 2 
tables, iv. 293. | 
Ware, flint, method of making in Stafford: 
ſhire, ii. 259.— when firſt made there, ii. 
261 —glazed with ſalt, ii. 265 —this me- 
thod of glazing when introduced, ii. 266. 
—yellow, method of making and of glaz- 
Ing, 11. 268.—ſtone, made at -Briſtol, ii. 
272. 5 
| Fells burning at Broſely, Wigan, Kc. iii. 7. 
—Winifred!s heat of, iii. 192.—air in, de- 
ſtructive of flame and life, iii. 154. 
Tine, art of making of, known to Noah, 1, 8. 
Vood aſhes, method. of analyſing, i. 98.— 
oak, box, mahogany, fallow, products 
8 fs. by diſtillation, 11. 327. —-the ſame in 
ality as from pit-coal, ii. 328.—weight 
of different ſorts of, iii. 19.—freſh ſawn. 
loſes greatly of it's weight in a. few. days, 
iii. 20.—this obſervation of uſe with re- 
ſpect to the carriage of timber, iii, 23.— 
long ſoaked in water ſinks, and when 
dried after ſoaking is lichter than! it was 2 
fore, ili. 24. 
Wire, fermenting, heat of, the ſame as of an. 
animal body, i ET | 
ls 
Zinc diſtilled from black-jack,. i. 45.—mixed: 
with melted lead hinders the lead from ex- 
hibiting colours, iii. 24. Wr 
0 : $ 8 : 4 
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_ eftabliſhed at Briſtol by Mr. Champion in 
1743, iv. 37. — quantity annually made 
there, iv. 38.—-method of making, iv. 39. 
_ ſent to Birmingham under the name of 
ſpelter, iv. 40.— made at Goſlar in Ger- 
many and in India, iv. 41.—relative weight 
of Indiay—German—Engliſh, 15. com- 
buſtion of, uſe in fireworks, yields inflam- 
mable air by ſolution in acid of vitriol, 
iv. 43.method. of obtaining pure, iv. 44. 
made by Mr. Emerſon at Henham, iv. 
45.—melted with copper conſtitutes pinch- 
beck and. other yellow metals, iv. 46.— 
beſt proportions aſcertained, zb.—a patent 
for making braſs from. zinc and copper, 
iv. 47.—recommended for covering copper, 
1 178. | | | | 
Zofimus, in the 4th century, knew the art of 
Aiſtilling, i. 66. 
Zwart, Kops, ſalt pan, ii. 54. 
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